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USE OF CALPAIN INHmiTORS IN THE INHIBinON 
AND TREATMENT OF NEUR0DE6ENERATION 

Backpround of the Lwention 
Hie present invention relates generally to the field of neuroprotectants and more 
5 spedficalty to the use of inhibitors of calcium-stimulated proteases, such as calpain, as 
therapeutics for neurodegeneration. 

Neural tissues* including brain, are known to possess a large variety of proteases, 
induding at least two caldum-stimulated proteases, termed ca^ain I and calpain n, which 
are acdvated by micromolar and mOlimolar Ca^"** oonccMitrations, respectively. Calpains are 
10 afaniily of caldum activated thiol proteases that are present in many tissues. Calpainllis 
the predominant form, but calpain I is found at q^napses and is thought to be the form 
involved in long term potentiation and synaptic plasticity. 

Thiol proteases are distinguished from serine proteases, metalloproteases and other 
proteases by their mechanism of action and by the amino acid residue (c^teine) that 
15 participates in substrate attack. Although several thiol proteases are produced by plants, 
these proteases are not common in mammals, with cathepsin B (a l^somal enzyme), other 
cathq>sins and the calpains being among the few rq)resentatives of this family that have 
been described in mammals. Calpain I and calpain n are the best described of these, but 
several other members of the calpain family have been reported. 
20 Other Ca^**" -activated thiol proteases may exist, such as those reported by Yoshihara 

et aL in L Biol. Chem. 265:5809-5815 (1990). The t^rm "Calpain** is used hereinafter to 
refer to any Ca^'^'-activated thiol proteases including the Yoshihara enzyme and calpains I 
andn. 

While Ca^ains degrade a wide varied of protein substrates, c^toskdetal proteins 
25 seem to be particularly susceptible to attack. In at least some cases, the products of the 
proteofytic digestion of these proteins by Calpain are distinctive and persistent over time. 
Since c^toskdetal proteins are major components of certain types of cells, this provides a 
simple method of detecting Calpain activity in cells and tissues. Specifically, the 
accumulation of the breakdown products ('*BDPV) of spectrin, a cytoskdetal protein, has 
30 been associated with the activation of Cal^pain. In neural tissues, activation of Calpains, as 
evidenced by accumulation of these BDP's, has been observed in many neurodegenerative 
conditions, induding denervation resulting from focal dectrolytic lesions, genetic 
abnormalities, exdtotoxidty, Alzheimer's disease, following ischemia in gerbils and following 
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administration of the toxins kainate and colchicine in rats, when administered peripherally 
or centraltyT 

Commercially avaflable in vitro inhibitors of Calpain include peptide aldehydes such 
as leupeptin (AcrLeu-Leu-Arg-H), as well as epoi^succinates such as E-64. These 
5 compounds are not useful in inhibiting Calpain in Central Nervous System (**CNS**) tissue 
in vivo because they are poorly membrane pameant and, accordingly, do not cross the 
blood brain barrier very welL Also, many of these inhibitors are poorly specific and will 
mhibit a wide variety of proteases in addition to Ca^ain. These commercially available 
compounds are based upon pq>tide structures that are believed to interact widi the substrate 
10 binding site of Ca^ain. Active groups associated with the Calpain inhibitors then dther 
block or attack the catafytic moiety of Calpain in order to inhibit the enzyme. 

In addition, other types of compounds thought to possess in vitro QJpain inhibitory 
actbity that are not commercial^ available have been rq)orted. Examples of such 
compounds indude the peptide diazomethanes. See Rich, D JL, Inhibitors of (^steine 
15 proteinases, in Protease Inhibitors, AJ Barrett and G Sahrmen, Eds., Elsevier, New York, 
1986, ppl53-178, the disclosure of whidi is hereby incorporated fay refinence. These peptide 
diazomethanes are similar^ thought to be poorly membrane peimeant and non*specifia 

There is some evidence that certain particular inhibitors of Calpain have certain 
therapeutic utilities. For example, leupeptin can fadlitate nerve rqpair In primates. 
20 Loxastatin (also known as EST, Ep-460 or E-64d), a derivative of E-64, is believed to have 
utili^ in the treatment of muscular dystrophy. E-64d, while not having significant protease 
inhibitory activity itself, is believed to be converted to more potrat forms, such as to E*64c, 
inside a mammaUan bocfy. 

Evidence from dlectrophysiological studies suggests that one of the earliest &ctors 
25 in the chain of reactions leading to cell death is an increase in intracellular-free calcium as 
a consequence of Ca^*** channel opening and/or energy depletion. Intracellular calcium is 
likely to produce a large number of consequences, including the activation of a large number 
of enzymes, including proteases, such as Calpain, lq>ases and kinases. An increase in 
intracellular calcium is also thought to induce changes in gene eaqpression. 
30 Isdiemia, head trauma and stroke have all been associated with the release of 

glutamate in amounts large enough to lead to excitotoxicity, the toxicity resulting from the 
actions of certain amino adds on neurons of the CNS. The excess glutamate and other 
fiactors, such as free radical damage of membranes or energy depletion, cause an inorease 
in intracellular C^^***. It is known that an excess of intracellular Ca^"*" leads to several effects 
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believed to be associated with neuronal ceU damage, including destruction of cell structures 
through activation of phosphol^ and Calpain. as weU as free radical production resulting 
from activation of phospholipase and xanthine oxidase. Many other &ctors have been 
associated with neurotoxicity. For example, reductions in action potentials and changes in 
5 a wide variety of chemical markets are known to be associated with neurons exposed to 
isdiemic conditions. 

Notwithstanding the foregoing understanding of certain aspects of neurotoxicity, no 
effective therapy has yet been developed for most neurodegenerative diseases and conditions 
of the CNS. MiUions of individuals suffer from tiiese diseases and conditions. Thus, there 
10 is a need for therapies effective in treating and preventing diese diseases and conditions. 

Summary of the Tnventinti 
The present invention provide die use of a Cb^ain inhibitor compound or a 
phannaoeutically acceptable salt or derivative thereof for tiie manufacture of a medicament 
for inhibiting or treating neurodegeneration in a mammal having or likely to eiiperience a 
15 neuropathology associated with neurodegeneration. In certain embodiments of tiiis use, the 
neurodegeneration is occurring due to exdtotoxidly, HIV-induoed neuropatiiy, ischemia 
foflowing denervation or injuiy, subarachnoid hemorrhage, stroke, multiple infaiction 
dementia, Alzheimer's Disease, Huntington's Disease, or Parkinson's Disease. The 
medicament can comprise a pharmaoeuticalfy acceptable carrier and is for parenteral 
20 administration, such as for transdermal administration, subcutaneous injection, intravenous, 
intramuscular or Intrastemal injection, intrathecal injection directty into tiie CNS or 
infusion. TTie medicament can also be in a form suitable for oral use. Li some 
embodiments, the medicament is for substantially preventing neurodegeneration in a patient 
undergoing surgety during and subsequent to tiie surgery, such as for a patient undergoing 
25 neurosurgery, cardiovascular surgety or a surgeiy using general anestiiesia. TheCa^ain 
inhfcitor compound preferably enters tissue of tiie CNS of tiie mammal, such as tiirough use 
of a membrane-permeant Calpin inhibitor. 

The present invention also provides an in vitro method of selecting Calpain 
Inhibitors for use as Calpain Inhibitor protectants in tiie in vivo treatment or inhibition of 
degeneration. This method includes identifying compounds having Calpain inhibitory 
activity injattij, and identifying tiiose compounds witii Calpain inhibitory activity tiiat are 
membrane permeant tiirough an iiLSto assay for membrane permeance. The in vitro assay 
for membrane permeance can include providing a plurality of tissue portions from a 
mammal; treating at least one, but not all, of tiie tissue portions witii a Calpain Inhibitor; 



30 
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subjecting the tissue portions to an event that can cause degeneration in untreated tissue; 
measuring the amount of degeneration that occurs in the tissue portions; and comparing the 
amount of degeneration that occurs in the treated tissue portions with the amount of 
degeneration occurring in the untreated tissue portions. The amount of degeneration in the 
5 treated tissue portions being less than the amount of degeneration in the untreated tissue 
portions indicates that the Calpain Inhibitor is membrane-permeant The tissue portions 
in some embodiments are brain slices, platdets or cells in culture* The measuring step in 
some embodiments involves anafyzing the tissue portions for the presence of the BDP's of 
a cytoskdetal component sudi as spectrin, MAF2, actin binding protein or tau. The 
10 measuring step can also indude measuring the dectrical activity of the tissue portions. The 
in vitro assay for membrane permeance can be performed by measuring the ability of the 
Calpaui Inhibitor to penetrate platdet membranes and inhibit radogenous Calpain of the 
platdets. 

The present invention also provides the use of a Substituted Heterocydic Compound 
15 or a pharmaoeuticalfy acceptable salt or derivative thereof for the manufacture of a 
medicament for inhibiting or treating neurodegmeration in a manunai having or like^ to 
eaqperienoe a neuropathology assodated with neurodegmeration. The medicament is 
preferably for inhibiting or treating neurod^enoation of the CNS. The Substituted 
Heterocydic Compound pref^ably is a member of the Class I Substituted Isocoumarins, the 
20 Class n Substituted Isoooumarins or the Class III Heterocyclic Compounds. More 
preferably, the Substituted Heterocydic Compound is 3-chloroisocoumarin; a 3,4- 
didiloroisocoumarin; a3-a]ko97-7-^mdno-4-chloroisocouniarin; or a7-substituted 3-alk(ny-4- 
chloroisocoumarin. Tlie use of Qaim 17, wherdn said Substituted Heterocydic Compound 

v&a[rProic,im2<:nTtoiQrhc^ 

25 NH-QTPrOIQ PhCHjNHCONH-CSTEtOIC, PhCH^CONH-CiTEtOIQ or D-Phe-NH- 
CIIEtOIC 

Another aspect of the present invration provides the use of a Peptide Keto- 
Compound having Calpain inhihitocy activity or a pharmaceutically acceptable salt or 
derivative thereof for the manufacture of a medicament for inhibiting or treating 
30 neurodegeneration in a manunai having or likefy to eqierience a neuropathology associated 
with neurodegeneration. The medicament is preferably for inhibiting or treating 
neurodegraeration of the CNS. The Pq)tide Keto-Compound preferably is a peptide a- 
ketoester, a peptide a-ketoadd or a pqitide a-ketoamide. More preferably, the Peptide 
Keto-Compound is a member of one of the fiDllowing subclasses: Dipqatide a-Ketoesters 
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(Subdass A), Dipeptide a-Ketoestere (Subclass B), Ti^tide a-Ketoesten (Subclass A), 
•IWpq)tide a-Ketoesten (Subdass B), Tetrapeptide a-Ketoesters, Amino Add Peptide 
a-Ibtoesteis, D^tide a-Ketoadds (Subdass A), Dipqitide a-Ketoadds (Subdass B), 
Tr^jqitide a-Ketoadds, Tetrapeptide a-Ketoadds and Amino Add Peptide a-Ketoadds, 
Dipq)tide a-Ketoamides (Subdass A), Dipq)tide a-Ketoamides (Subclass B), Tripeptide 
a-Ketoamides, Tetrapqitide a-Ketoamides or Amino Add a-Ketoamides. 

Still another aspect of the present invoition provides the use of a Halo-Ketone 
F^tide having Calpam inhibitary activi^ or a pharmaoenticalfy aooq)tahle salt or doivative 
thoreof for die manufocture of a medicammt for inhibiting or treating neurodegoimition 
in a mam m al lundng or likely to egqperience a neurq)atholog7 associated with 
neurodegeneration. The medicament is preforabl^ for inhibiting or treatu^ 
neurod^^wation oi the CNS. Ihe Halo-Ketone Pqitide can be an amino-halo ketone 
peptide or a diazo-tetone peptide. 

Ihe uses of the present invention of Substituted Heterocyclic Confounds, Peptide 
Keto-Compounds or Halo-Ketone Peptides can be used in connection with 
neurodegenoration associated with exdtotoad^, HIV-induced neuropathy, ischemia, 
subarachnoid hemorrhage, stroke, brain seizure, major heart attad^ mult^de infarction 
dementia, Alzheimer's Disease, Huntington's Disease or Parkinson's Disease. The 
medicament of these uses can indude a pharmaceuticaltjr accq>table carrier, and be for 
parenteral administration, sudi as transdermal administration, subcutaneous injection, 
intravenous, intramuscuhr or intrastemal injection, intrathecal injection directly into the 
CNS or an infusion technique. Ihe medicament can also be in a form suitable for oral use. 
Ihese uses can also be in connection with neurodegeneration is occurring from isdionia- 
inducing events, stroke, head injuiy, major heart attadc, brain seizure, near drowning, carbon 
monoxide poisoninft surgeiy-related brain damage or another event known to cause 
neurodegeneration. 

Another aspect of the present invention provides a method of minim m' n g proteolysis 
in an in yitro sample containing peptides or protems during or following the processing, 
production, pr^aration, isolation, purification, storage or transport of the samples, 
comprismg the addition to the sample of a Substituted Hetenxydic Con^und or a Pqitide 
Keto-Compound that is a memba of one (rf the foUowing subdasses: D^qitide 
o-Ketoesters (Subclass A), Dipeptide a-Ketoesters (Subclass B), IWpeptide a-Ketoesters 
(Subdass A), Tr^qjtide a-Ketoesters (Subdass B), Tetrapeptide a-Ketoesters, Amino Add 
Pq>tide a-Ketoesters, Dqieptide a-Ketoadds (Subdass A), Dipqitide a-Ketoadds (Subdass 
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B), Tripeptide a-Ketoadds, Tetrapeptide a-Ketoadds, Amino Add Peptide a-Ketoadds, 
D^eptide a-Ketoamides (Subdass A), Dipeptide a-Ketoamides (Subdass B), Tripeptide 
a-Ketoamides^ Tetrapeptide a-Eetoamides or Amino Add a-Ketoamides. The present 
invention also provides a method of minimizing degradation resulting from Calpain activity ^ 
S ma tissue sample during or following preparation of the sample, comprising the addition 
to the sample of a Substituted Heterocydic Compound, Fq>tide Keto-Compound or a Halo- 
Ketone Peptide. The sample can be a ^ole organ and the addition of compound 
comprises perfusion of the organ with the confipound dissolved in fluid. Preferabfy, following 
the addition step, the tissue sample is used in an assay for neurodegeneration wherein the 
10 assay comprises a test for the products of Calpain acthdty in the tissue samples. The 
addition of compound in either of these methods can inchide the addition of a Pq)tide 
cc-Ketoadd to the sample. Preferably, this Peptide a-Ketoadd comprises a compound that 
is a member of one of the following subdasses: Dipeptide a-Ketoadds (Subdass A), 
Dqieptide a-Ketoadds (Subdass B), Tr4)eptide a-Ketoacids, Tetrapeptide a-Ketoadds or 
15 Amino Add Peptide a-Ketoacids. 

Yet another aspect of the present invmtion provides pharmaceutical compositions 
for the treatment or inhibition of neurodegeneration. These compositions indude a 
pharmacologically effective neuroprotective amount of a Substituted Hetero^dic 
Compound, Fqptide Keto-Compound or Halo-Ketone Pqitide, or pharmaceutically 
20 acceptable salts or derivatives thereof in a pharmaceutical]^ acceptable formulation 
containing a carrier material In one prefm'ed embodiment, a Peptide Keto-Compound is 
induded in the composition viierein said Peptide Keto-Compound comprises a compound 
from one of the following subdasses: Dip^tide a-Ketoesters (Subdass A), Dipeptide 
a-Ketoesters (Subdass B), Tripq}tide a-Ketoesters (Subdass A), Tripeptide a-Ketoesters 
25 (SubdassB),Tetrapq>tidea-Ketoesters» or Aniino Add Pqptide a-Ketoesters. ThisPeptide 
Keto-Conq)ound is prefmbly one of the foHowing compounds: Bz-DL-Ala-COOEt, 
Bz-DL-Ala-COOCH2-C^4-CF3 (para), Bz-DL-Lys-COOEt, PhCO-Abu-COOEt, 
(CH3)2CH(CH2)2CO-Abu-COOEt, CH3CH2CH)2CHCO.Abu.COOEt or 
Ph(CH2)5CO-Abu-COOEt Another preferred P^tide Keto-Compound is one of the i 
30 following compounds: Z-Ala-DL-AIa-COOEt, Z-Ala-DL-Ala-COOBzl, 
Z-Ala-DLAla-COQnBu, Z-Leu-Nva-COOEt, Z-Leu-Nle-COOEt, Z-Leu-Abu-COOEt, 
Z-Leu-Met-COOEt, Z-Leu-Phe-COOEt, Z-Leu-4.Ci-Phe-COOEt, 
2rNapS02^Leu-Abu-COOEt, Z-Leu-NLeu-C02Et, 2:-Leu-Fh&C02Bu, Z-Leu-Abu-C02Bu, 
Z-Leu-Phe-CO^ MeO-Suc-AIa-DLAla-COOMe, or ZrLeu-Abu-C02BzL Still other 
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Pq)tide Keto-Compounds for use in the preferred compositions are one of the following 
compounds: Z>Ala>Ala-DL-Ala-COOEt, Z>Ala-Pro-DL-Ala-COOEt, 
Z-Ala-Ala-DL-Abu-COOEt, Z-Ala-Ala-DL-Abu-COOBzl, 
Z-Ala-Ala-DL-Abu-COOCH2-CfiH4-CF3 (para), H-Leu-Ala-DL-Lys-COOEt, 
5 Z-Leu^Leu-Abu-COOEt, Z-Leu-Leu-Fhe<X)OEt, M eO-Suo-Val-Fko-DL-Fhe-OOOMe or 
2'NapS02>Leu-Leu-Abu-OCX)Et A preferred Pqitide Keto-Compound could abo be 
MeC^Suo-Ala-Ala-Pro-DL-Abu-COOMe or Z-Ala-Ala-Ala-DL-Aia-COOEt Still oth» 
preferred Pqitide Keto-Compounds would be a compound fitom one of the following 
subclasses: Dipqitide e-Ketoadds (Subdass A), Dipq>tide a-Ketoadds (Subdass B). 
10 Tripqttide a-Ketoadds, Tetrq;)q)tide a-Ketoadds or the Amino Add Pqitide a-Ketoadds. 
Thus, preferred Pqitide Keto-Compounds could be one of the following compounds: 
B^DL-Lys-COOH, Bz-DLAla-COOH, Z-Leu-Phe-COOH or Z-Leu-Abu^OH. A 
compound from one of the following subdasses: D^eptide a-Ketoamides (Subdass A), 
Dipqitide a-Ketoamides (Subdass B), TtipqMide a-Ketoamides, Tetrapqjtide 
15 a-Ketoamides or Amino Add a-Ketoamides, could also be used in the preferred 
compositions. Urns, another preferred Pqitide Keto-Compound would be one of the 
following compounds: Z-Leu-Phe-CONH-Et, Z-Leu-Phe-CONH-nPr, Z-Leu-Phe<X>NH- 
nBu, Z-Leu-Phe-CONH-iBu, Z-Leu-Phe-CONH-Bzl, Z.Leu-Phe-CX)NH-(C^)^ Z-Leu- 
Abu-OONH-Et, Z-Leu-Abu-CONH-nPr, Z-Leu-Abu-CONH-nBu, Z-Leu-Abu-CONH-iBu, 
Z-Leu-Abu-CONH-Bzl, Z-Leu-Abu-CONH-(CH2)2Ph, Z-Leu-Abu.CONH-(CH2)3- 
N(CHja^O, Z.Leu-Abtt<X)NH-(CH^),C3l3, Z.Leu-Abu-C0NH:-(CBy2PH, Z-LeurAbu- 
CONH.(CH2)20(CH2)20H, Z-Leu.Abu-CONH-(CH2)i7Caa3, 2>Leu-Abu-CONH-CH2- 
C^3(OCH3)2 or Z-Leu-Abu-CONH-CH2-C^4N. Ihe composition can also indude a 
Substituted Heterocyclic Owqpound sudi as one of the Class I Substituted bocoumarins, 
Oass n Substituted Isoooumaiins or Class ni Hetenx^dic Conq)ounds. Preferred 
Substituted HetCTOc^dic Conqiounds are S^faloroisocoumarin, a 3,4H]iddoroisoooumarin, 
a 3-alkoogr-7-amino-4-diloroisocoumarin, a 7-substituted S-alkos^-iKMirQisoooumarin: 
CrrPrOIQ NE^^SIPrOIC, PhC^NHCONH-CflPrOIQ GHjCONH-CSTPtOIC, L-Phe- 
NH-aiPK>IQ Phd^NHCONH-OIEtOIC, PhOIjCONH-aTEtOIC, or D-Phe-NH- 
CTIEtOIC In these compositions, the compodtion is prefoabfy in dosage form comprising 
from 70 |ig to 7 g of active ingredient in eadi dose, and the carrier material indudes a 
liquid, wherein the composition is in dosage form and wherein each dose comprises from 
0 J ml to 1 lit w of said carrier material Hie compositions can additional^ indude at least 
one of the following: DN^O or other organic sohrent, a Iqud carrier, a detergent, a 
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surfactant, or an CTiuIsifying agent Hiese compositions can be suitable for parenteral 
administration or in a form suitable for topical application. Hie compositions can be in a 
varietjr at forms, sucb as an aqueous solution, a lotion, a jelly, an oily solution, or an oil^ 
suspension. 

5 The preset invention also provides the use of aSubstituted Heterocydic Compound 

as a medicam^ the use of a H^Ketone Peptide as a medicammt, and the use of a 
Peptide Keto-Con^ound as a medicammt, wherein said Peptide Keto-Compound is a 
compound from one of the following subclasses: Dipeptide a-Ketoesters (Subclass A), 
Dipqitide a-Ketoesters (Subclass B), Tripeptide a-Ketoesters (Subdass A), Tr^eptide 
10 a-Ketoestors (SubdassB), Tetrq)eptide a-Ketoesters, or Amino Add Pqitide a-Ketoesters. 
Preferred Peptide Keto-Compounds in this use indude any one of the Pq>tide Keto- 
Compounds described above in connection with the pharmaceutical compositions. 

Brief Summary of the Figures 
Fjgure 1 shows the percentage of inhibition of glutamate-induced cell death through 
15 the addition of g^utamate and various Calpain Inhibitors rdative to control where no 
glutamate was added. 

Figure 2 graphical^ dqpicts the ^ects of Z*Leu-Phe-CX)NH-Et (CX269) and Z-Leu- 
Abu-CONH-Et (CX27S) on the size of infarction produced upon MCA ocdusion in male 
rats. 

20 Figure 3 shows the e£fects of CX216 ^Leu-Phe-C02Et, a Peptide Keto- 

Compound), and dl (Ac-Leu-Leu-NIe-H) relative to control slices on survival of 
hippocampal slices exposed to 10 minutes exposure of anoxic atmosphere where both of 
these compounds were added at their cqitimal inhibitory concentration at both 1 hour and 
2 hour incubation times. 

25 Figure 4 shows the evoked pot^tial amplitude for control, (31 treated and CX218 

treated hippocampal sluses over a time course during whidi the slices are exposed to anoxic 
atmosphere. 

Figure 5 shows the percmt recoveiy of EPSP from severe hypoxia over the course 
of onehourincubationfor Z-Leu-Phe-CONH-Et (CX269) and Z-Leu-Phe-C02Et (€3^16). ^ 
30 Figure 6 shows a comparison of the effect of the presence of dl or CX216 on 

survival of hippocampal slices expressed as the duration of anoxia (in minutes) before fiber 
volley disappearance. 

Figure 7 shows the effects of dl compared with control on the behavioral and 
convulsive effects of kainic add. 
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Figure 8 shows the amount of ^ectrin BDPs in rat brains eiq>osed to kainate for 
control and dl treated rats. 

Detailed Descrintinn of the Tiiv«iti»n 
A. INTRODUCTTQW 

We have discovered that Calpain activation is an event central to many cases of 
brain atrophy and degeneration and that inhibition of Ca^ alone is sufficient to inhibit 
or prevent ceU deterioration and loss. Hius, we have fiirther discovered that inhibition of 
Calpain provides protection from neurotoxidly associated with mai^ neurod^ennative 
conditions and diseases. 

In accordance with the forcing discovoies, we beJieve that the elevation of 
intracdlular caldnm associated with neuropathological conditions in neuronal cdls activates 
Calpain and sets in motion the digestion of neuronal cdls from within. We believe th«e 
may be other medunisms of activation of Ca^ains associated with these conditions. 
Aocordii^gly, one aspect of the present invention is directed to inhibition and treatment of 
the neurodegeneration and other diseases associated with this digestion through the 
inhibition of Calpain activity. Thus, part of this aspect of thepresent invention is to prwent 
the neurodegeneration and other pathology caused by this digestion through the in vivo 
administration of Calpain inhibitors. Byway of example, and not of limitation, diseases and 
conditions which can be treated using this aspect of the present invention include 
neurodegeneration fidlowing esdtotoidcily, HIV-induced neuropathy, ischemia, denervation 
foUowingischemia orinjuiy, subarachnoid hemorrhage, stroke^ multiple induction dementia. 
Alzheimer's Disease (AD), Parkinson's Disease, Huntington's Disease, surgeiy-rdated brain 
damage and otho* noirqtathologual conditions. 

As stated above, spectrin BDP's have been found to be associated with Ca^ain 
activation iajBYfi- We have observed that in each instance of neurodegeneration in which 
BDP's characteristic of Ca4)ain activation are detected. Calpain activation is localized to the 
brain areas most vubierable to the particular pathogenic manqiulation. In addition, as 
judged fay histological methods, Ca^min acthration precedes overt evidence of 
neurodegeneration. Accordingly, Calpain activation is q)atia]ly and temporally linked to 
impendmg or ongoing ceU death in the brain. Thus, we believe that Calpain activation is 
an important mechanism of ceD damage and death in many padiological conditions, 
including neuropathological conditions. Moreover, thoe is evidence that the activatbn 
of Calpains is an early event in the death of cells including neural cells. This is in contrast 
to other known proteases ixiiidi are activated at later sta^ of cdl death. Thus, we believe 
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tfaat, advantageously, inhibition of Calpain activi^ provides intervention at an earfy stage 

of cell deatii, prior to significant detmoration of cellular machin^. 

Another aspect of the involvement of Ca^ains in neurodegen^ation is the 

involvement of these proteins in reg^erating systems. It is known that developing or 
5 regenerating axons are somehow inhibited from further development in a stabilization 

process called the "stop pathway*" This stabilization can occur when morns have readied 

their targets; however, in some systems stabilization can also occur at inappropriate places. 

One research^ has developed evidence that this stop pathway operates at least in part fay 

the activation of intraceUuIar Ca^ain and that inhibition of Calpain can interfere with 
10 stabilization (Luiszi, 1990). We believe that Calpain inhibitors^ when used in accordance 

with the present invention, can advantageously aid regeneration and recovery of neural 

tissue after injuiy, in addhion to inhibiting neurodegendration. 

Another aspect of the present invention is our discovery that at least three classes 

of compounds, the substituted isocoumarins, the pqitide keto-compounds and the Halo- 
15 Ketone Peptides have Ca^am inhibitory activity. We have furth^ discovered, as will be 

described hereinbeiow, that these three classes of compounds esdiibit additional prop^ties 

that render fhexa especially useful as therapeutically efEective compounds in the treatment 

of neurodej^erative conditions and diseases. 

B. siffsryroTED HgnsjiocYmc coMpomm 

20 One particular dass of compounds eadiibiting Ca^ain inhibitory activiiy, when used 

inacoordancewjththepresentinvaition,arethesubstitutedhetero(7dicoompounds. These 
compounds indude the substituted isocoumarins. The substituted heterocyclic compounds 
are known to be excellent mhibitors of serine proteases. As discussed hereinbeiow, we have 
now discovered that these compounds are also inhibitors of calpain I and calpain and also 

25 of other Ca^ains. Additionally, as abo discussed below, we have found that, unlike most 
known inhibitors of CafpainSj these substituted heterocyclic compounds are not effective as 
inhibitors of papain or cathcqpsin B. Thus, we believe that the substituted hetero<7clic 
compounds provide a rdativdy specific means of inhibiting Calpains while not affecting 
other thiol proteases. 

30 One particular dass of substituted heterocyclic compounds with Calpain inhibitory 

activity are the isocoumarins having cationic substituents. These substituted heterocyclic 
compounds are refmred to herein as the "Class I Substituted Isocoumarins." The Class I 
Substituted Isocoumarins are known to be excellent inhibitors of several serine proteases, 
induding bovine thrombin* human thrombin, human factor Xa, human factor XEa, human 
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factor Xlla, bovine tiypsin, human plasma plasmin, human tissue pJasminogm activator, 
human hmg tiyptase, rat skin tiyptase, human teukoqrte elastase, porcine pancreatic 
dastase, bovine dqmotiypsin and human leukocyte cathqism G. The Class I Substituted 
lisocoumarins inhibit the serme proteases fay reaction with the actwe site serine to form an 
acyl en^e, vUddi in some cases may further react with another acthre site nudeophile to 
form an additional covalent bond. We have discovered that the Class I Substituted 
Isocoumaiins also react with Calpain. We belidve that the mechanism of action of Calpain 
inhibition is similar to that of the inhibition of serine proteases since die reaction 
mechanism of Ca^iains is similar to that of the serine proteases. 

The Class I Substituted Isocoumarins having Ca^am inhibitory activity have the 
fdlowing structural formula: 



Y 



or a pharmaoeutically aocqitaUe salt, whorein 

Z is selected from the group consisting of Cl-6 alkoi^ wfth an amino group attached 
to the allonQr group, Cl-6 aSkaxy with an isothuureido groiqi attadied to the alkosy group, 
Cl-6 alko^ with a guanidino group attached to the allon^ gfoup, Cl-6 alkoxy with an 
amidino group attached to the alkoxy group, Cl-6 alkyl with an amino group attached to the 
al^ groiqp, Cl-(5 allgi with an isothiureido group attadied to the allgil group, Cl-6 allcyl 
with an guanidino group attached to the all^l group, Cl-6 alkyl with an amidino group 
attached to the alkyl group, 

R is sdected from the groi^ consisting of 0-C-N-, S=C»N., AA-NH-. AA-AA- 
NH-. AA-O, AA-AA-0-, M-NH-, M-AA-NH, M-AA-AA-NH-, M-0-, M-AA-0-, M-AA-AA- 
0-, 

wherein AA represents alanine, valine, leucine, isoleucane, proline, methionine, 
phenjdalanine, tryptophan, cjtjfdne, serine, threonine, cysteine, tyrosine, beta-alanme, 
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nodeucine, norvaline, alpha-aminobutyric add, epsilon-aminocaproic acid, dtndline, 
hydro)^roline, ornithine or saroosine, 

wherein M represents NH2-CO., NHZ-CS-, NH2-S02-, X-NH-CO-, X-NH-CS, X- 
NH-S02, X-CO-, X-CS-, X-S02-, X-0-CO-, or X-0-CS-, 
5 wherein X represents Cl-6 alkyl, Cl-6 fluoroaUgrl, Cl-6 alkyl substituted with K. 

Cl-6 fluoroalkyl substituted with K, phenyl, phenyl substituted with J, phenyl disubstituted 
with J, phenyl trisubstituted with J, naphthyi, naphthyl substituted with J, naphthyl 
disubstituted with J, naphthyl trisubstituted with J, Cl-6 alk^ with an attadxed phenyl group, 
Cl-6 allq^l with two attached phenji groups, Cl-6 alkyl with an attached phenyl group 
10 substituted with J, or Cl-6 all^l with two attached phenyl groups substituted with J, 

wherein J represents halogen, COOH, OH, CN, N02, Cl-6 alkyl, Cl-6 alkoxy, Cl-6 
allgdamine, Cl-6 diallgrlamine, or Cl-6 alliyl-O-CO-,^ 

wherein Krepresents halogen, COOH. OH, CN, N02, NH2, Cl-6 alkylamine, Cl-6 
diall^Iamine, or Cl-6 allgrl-O-CO-, 
IS Y is selected from the group consisting of H, halogen, trifiuoromethyl, methyl, OH 

and methojgr* 

The compounds of Formula (Q can also contain one or more substituents at position 
B as shown in the following structure: 

20 Bo 




wherein dectronegative substituents sudi as N02, CN, a, COOR, and COOH will 
increase the reactivity of the isocoumarin, and dectropositive substituents such as OH, 
30 aikaxy, tfaioalkyl, allcyl, alfylamino, and diallc^lamino will increase its stability. Neutral 
substituents could also increase the stability of acyl enzyme and improve the effectiveness 
of the inhibitors. 

The following compounds are representative of the Class I Substituted Isocoumarins 
of the present invention: 
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4.cUoro-3-(3-i5othiurddopropQxy)isocoumarin (CfTPrOIC) 

7-(ben2ylc^bamoylainino)<4-€hloro-3-(3- 
isothiureidopropo}y)isocouinarin (PhCffiNHCONH-CnPrOIC) 

7-(phenylcarbamoylainino)-4-chloro*3.(3- 
isothiureidopropc»gr)isocoumarin (PhNHCONH-CflPrOIC) 

7.(acetylamino).4.cIiloro.3-(3- 
10 isotIiiiireidopropc»7)isocoumaiin (CH3CONH-<3rPrOIC) 

7-(3-phenylpropionylainmo)-4-chloro-3-(3- 
Jsothii2reidopropo}[y)isocoumarin (PhCEI2CH2CONH-CnPrOIC) 

15 7-(phenylacetylamino)-4-chloro-3-(3- 

isothiiireidopropoxy)isocoiimarin (PhC3I2CONH.CiTRrOIC) 

7-(L-phenylalanylamino>4-chloro*3*(3- 
isothiiireidopropaxy)isocouinarin (L-Phe-NH^CiTPrOIC) 

20 

7-(N.t-butyloxycarbonyl-I^pheny]a]anyIainino)4^ 
(Boc-LpFhe-NH-CiTRrOIC) 

7-(D.phenyIalanylamino).4-chloro-3-(3- 
25 isothiureLdopropaxy)isocouinarm (D-Phe*NH-CiTPrOIC) 

7.(N-t-butyloxycarbonyl-D.phenylaIanylainino).4-chloro-3- 
(3-isothii]reidqpropQ}Qr)isoooumarin ^oc-D-Phe-NH-CTIPFOIC) 

30 7-(bemgrlcarbamoylamino)-4-chloro-3.(2- 

isotWiireidoetho3y)isocouinarin (PhCaENHOONH-QTEtOIC) 

7-(phenylcarbamoylamino).4<hloro-3-(2- 
isothiureidoethaxy)isocoumarin (PhNHCONH-CflEtOIC) 

35 

7-(isopropylcarbainoylamino)4<hloro-3*(2- 
isothiureidoethoxy)isocouinarin ((CH3)2CHNHCONH-C£rEtOIC) 

7-(phenylacetylamino)-4-chloro-3-(2- 
40 isothiureidoetho!xy)isocou]narin CniCH2O0NH-CiTEtOIC) 

7-(L^phenyla]anylainino)-4-€hloro-3-(2- 
isothiureidoethQxy)isocotimarin (LpPhe-NH^CflEtOIC) 

45 7-(N4'4)ut^oxycaibonyl-I^henylalanykinino)-^ 
(Boc-L-Phe-NH<:TrEtOIQ 

7.(D-phenylalanylainino).4-chloro-3-(2- 
isotMureidoethQ)Qr)jsocoumarin (D-Phe-NH-CfTEtOIC) 

50 
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7.(N-t-but0ai^carbonyl-D-phei9ialai9iainm 
(Boc-D-Phe-NH-CiTBtOIQ 

7-(N-t-butyloxycarbonyl«L-alanyI-L.alanyIamino)-4-chloro-3.(2- 
isothiureidoetho97)isocoumarin (Boc.Ala.Ala'MH-CiIEtOIC) 

5 

7-(L-aIanyI-L-alanyIamino)-4KAIoro-3-(2- 
isotfaiureidoeth(»^)isocoumatin (ala-Ala-NH-CiTEtOIC) 

7-(l-n^hthyIcaibamo^ainino)-4-chloro-3-(2- 
10 isotliiureidoetha3Qr)isocoumanii (N^hthylNH-GIEtOIC) 

7<(S)-«-methylbenzylcarbamojlamiiio)-4.chloro-3-(2- 
isotbiureidoethQjy)isocouniarin (S-C6H5(CED)CHNHCONH-CnEtOIQ 

15 7-((R)-«-methyIben:^carbamoylamino)-4-chloro-3-(2- 

isothiureidoethoxy)isocoumarin (R.C6H5(CH3)CHNHCONH-QTBtOIC) 

7.dan^Iammo.4.diloro-3<2-isothiiirddoethajy)isocouinaim (DanqrlNH.C3TEtOIC) 

20 7-phenylthiocarbamoyIainuio.4-diloro-3-(2. 

isothiureidoedi(»7)isocoumatm (PbNHCSNH.C£rEtOIC) 

7-(m<arbaJOThenylthiocarbamoyl)aiiuno.4-diloro-3-(2. 
isotbiiireidoeth(i37)isocouinarm (ni<X)OH-FhNHCSNH-aiEtOIC) 

25 

7.ftj<arbo:^henyIthi(M2urbamoyl)aniino-4-chIoro-3-(2- 
isothinrddoeth(Hy)isocoumarin (p^OOH-PhNHCSNH-OTEtOIC) 

7.ainino.4<liIorO'3.(3-isotfiiuieidopropo3gr)isooou^ 

30 (Acrnc) 

bocoumanns with ba^ sobstitaoits are also known to be effective inhibitors of 
serine proteases. See Powers et al, U5. Patent No. 4,845^2, the disclosure of which is 
hereby incorporated by reference. This dass of con^wunds, refored to herdn as the "Class 
35 n Substituted Isocoumarins," aloi^ wiA die odier substituted het^ocydic oonqiounds, is 
believed to be effBctive in the use of the presmt invention. 
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The Class II Substituted Isocoumarins have the following structural formula: 



5 




10 

or a pharmaoeutically acceptable salt, whwein 

R is selected from the group consisting of -N-H>C(>NH)-NH2, -C(eNH)NH2; C^^ 
alfyl with an attadied amino, and C^^ all^l with an attached isothiureido of the formula - 
S^+NH2+)NH2, 

15 Z is selected from the group consisting ci H, halogen, C^^ alkyl, C^^ tHkyl with an 

attached phenyl, Cj^ fiuorinated all^l, C^^ alfyl with an attadied hydrco^ Cj^ aO^l with 
an attadied C^^ alkoogr, C^^ alkco^, C^^ fiuorinated alkiB^, C^^ allmxy with an attadied 
phenyl, bougdaxy, 4-fluorobemgdaxy, •OCB^C;^ 4R' (2-substituent), -CX^p^^R' (3- 
substituent), -OCHjC^R' (4-sub8tituent), -OCSliC^lS^Ri' "Js'Zbstltiients), - 
20 OCa^^K^' (2,4.substituents), -OCH2C^3R2' (2,54ub8titttents), • C'.^i 1^13^2' (2.6- 
substituents), -OCHjC^sBs' (3,4-sub8titttents), and OCIl2C^R2' (3,54ubstituents). 

R' is sdected fix)m the groiqi consisting of H, halogen, trifluorometfayl, NOj, cyano, 
metl^ methoBcy, aceQl, carboxyl, OH, and amino. 

Y is sdected from the group consisting of H, halogen, trifiuoromethji methyl, OH, 
25 and methoscy. 

Alternate^, the Class n Substituted Isocoumarins are rqnresented by structure (II) 

where, 

Z is selected from the group consisting of C^^ aikaxy with an attached isothiureido, 
C^^ alkoxy with an attached guanidlno, C^^ aSkoxy widi an attached amidino, C^^ alkyl with 
30 an attadied amino, C^^ allt^ wit'^ : : attadied isothiurddo, C^^ all^l with an attached 
guanidino, C^^ alkyl with an atts nudino, 

R is sdected from the g sisting of -I, OH, NH2> NO2 halogen, Cj^ alkojQr, 
C^^ fiuorinated alkOTy.C^^alfy! ylwit: rtachc ' nmino, M-AA-NH*, M -AA-O-, 
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wherein AA represents alanine, valine, leucine, isoleucine, proline, methionine, 
^ phenylalanine, tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, 
glutamine, aspartic acid, glutamic add, lysine, arginin^ histidine, beta-alanine, norleudne, 
norvaline, a^ha-aminobutyric and epsilon-aminocaponic acid, citrulline, hydroxyproline, 
5 ornithine and sarcosine, 

wherein M represents H, lower alkanoyl having 1 to 6 carbons, carboxyalkanoyl, 
hydrosyalkanoyl, amin-alkanoyl, benzene sulfonyl, tosyl, benzojd, and lower alkyl sulfonyl 
having 1 to 6 carbons, 

Y is selected ficom the group consisting of H, halogen, trifluorometl^l, methyl, OH 
10 and methoT^. 

As a farther alternative, the Class n Substituted Isocoumarins are represented by 
structure (□) where 

Ris sdected from the group consisting of -N-H-q=NH)-m2,-C(= 
all^l with an attached amino, C^^ allcy^l with an attadied isothiureido, 
IS Z is selected from the group consisting of C^^alko>7 with an attached amino, C^^ 

alkoxy with an attached isothiureido, C^^ alkoxy with an attached guanidino, C^^ alkoxy 
with an attadied amidino, C^^ aDcyl with an attached amino, C^^ alk^ with an attached 
guanidino, C^^ allgrl with an attached amidino, 

Y is selected from the group consisting of H, halogen, trifhioromethyl, meth^ OH 
20 and methoxy. 

The following compounds are rq>resentative of the Qass n Substituted 
Isocoumarins: 

3-(3-aniinopropo37)isocoumaiin, 
3-(3-aniinopropo)7)-4-chloroisocouniarin, 
25 3-(2-isothiureidoetha3iy)-4-chloroisoooumaiin, 
3-(3-isothiureidopropog7)-4-cfaloroisoGoumarin, 
7-amino-3-(3-isothiureidopropo3Qr)-4-diloroisocoumarin, 
T-guanidino-S-methoQ^isocoumarin, 

7-guanidino-3-methoKy-4-chloroisocoumarin, ^ 
30 7-guanidino-3-ethrayisocoumaiin, 

7-guanidino-3-etho37-4-Ghloroisocouniarin, ^ 

7«guanidino-3-(2-phenylethoxy)isocoumarin, 

7«guanidino-3-(2-phenyletho^)-4-diloroisocouniarin. 
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Still another dass of susbstituted heterocyclic compounds useful in the present 
invention is referred to herein as the ^'Ciass HI Heterocyclic Compounds" and have the 
following structural formula: 




10 

wherein 

Z is selected from the group consisting of CO, SO, SO2, CO and CF, 
15 Y is selected from the group consisting of O, S and NH, 

X is selected from the group consisting of N and CH, and 
R is selected from the group consisting of C^^ allg^l (such as methyl, ethyl and 
propyl), Cj^ BSkyl containing a phenyl (sudi as ben^), and C^^ fluoroallgrl (sudi as 
trifiuorometl^ pentafluoroethyl, and hqitafluoroprq^^l). 
20 The Z group must be dectrophOic since it interacts with the active site serine OH 

group of the serine protease. The R group must be uncharged and hydrophobic. One or 
more of the carbons in the R group could be replaced by O, S, NH and other such atomic 
groups as long as the R group maintains its hydrophobic character. 

Hie following compounds are representative of the Class m Heterocyclic 
25 Compounds: 

2^trifluoromethyl-4H-3,l-benzoxazine-4-one, 
2*pentafluoroethyl-4H-3,l-benzoxazine-4-one, 
2-heptafluoropropyl-4H-3,l-b^izoxazine-4-one, 
2-methyl-4H-3,l-benzoaxazuie^-one, 
30 2-propyl-4H-3,l-benzoaxazine-4-one, 
2-ben2yl-4H-3,l-benxoaxazine-4-one, 
2^hq)tafluoropropyl-4-quinazolinone, 
2-propyl-4-quinazolinone, 
^-ben^M-quinazoUnone, 
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2-(C^5CCl2)-4-chIoroquinazoline, and 

2-propyl-4-chloroquinazolme. 
The Oass IE Heterocydic Compounds are disclosed in Powers et al., U,S. Patent No. 
4,847,202, the disclosure of which is hereby incorporated by reference. 

Other substituted heterocydic compounds have been prepared earlier for other 
purposes, such as 3-chloroisocoumarin, Davies and Poole, J. Chem. Soc., pp. 1616-1629 
(1928); 3-chloro and 3,4-dichloroisocoumarin, Milevskaya, Belinskaya, and Yaguporskii, 
Zhur. Org. Khim. 9, pp. 2145-2149 (1973); 3-methyl and 4-carbo^-3-methyIisocoumarin, 
Tirodkar and Usgaonkar, IhA J. C3iem. 7, pp. 1114-1116 (1969); 7-mtro and 7- 
aminoisocoumarin, Choksqr and Usgaonkar, Ind. J. CSiem. 14B, pp. 596-598 (1976). The 
disdosures of all of the preceding artides are hereby incorporated by reference. These 
other substituted isocoumarins are also believed to exhibit CaJ^ain inhibitory activity when 
used in accordance with the present invention. 

StiU other substituted isocoumarins which have been prepared recently for inhibition 
of serine proteases are 3-diIoroisocoumarin, Harper, Henuni, and Pow^s, J. A. CSiem. So& 
105, pp. 6518-6520 (1983); 3,4-didiloroisocoumarin, Harper, Henuni, and Powers, 
Biodiemistry 24, pp. 1831-1841 (1985); 3-alkoxy-7-amino.4-chIoroisocoumarin, Harpa and 
Powers, J. Am. Chem. Soc. 106, pp. 7618-7619 (1984), Harper and Powers, Biochemistry 24, 
7200-7213 (1983); additional substituted isocoumarins with basic groups (aminoalkoi^, 
guanidino or isothiureidoalk(»y), Kam, Fujikawa and Powers, Biochemistry 27, pp. 
2547-2557 (1988); 7-substituted 3-alkojy-4-chIorQisocoumarins, Powers, Kam, Narasimhan, 
01eksys2yn, Hraiandez and Ucda, J. Cell Biochem. 39, pp. 33-46 (1989) and Powers, 
Oleksyszyn, Narasimhan, Kam, Radhakrishnan and Meyer, Jr. Biochemistry 29, 3108-3118 
(1990). The disdosures of all of the preceding articles are hereby incorporated by reference. 
We bdieve that the foregoing compounds, whidi exhibit serine protease inhibitory activity, 
also exhibit Calpain inhihitoiy activi^ when used in accordance with the present invention. 
All of the foregoing isocoumarin compounds, induding the Class I and II Substituted 
Isocoumarins, the Oass HI Substituted Heterocydic Compounds and the other substituted 
heterocydic compounds usefiii in the practice of the presmt invention shall be r^erred to 
coUectivefy hereinafter as the 'Substituted Heterocydic Compounds." The term "Substituted 
Heteroqrdic Cbmpound" shall be used to refer to any particular spedes of these compounds. 

Tbe preparation of the various Substituted Heterocydic Compounds is iUustrated by 
Examples SHC1-SHC9. 
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EXAMPLE SHCl 

Ptq)aration on-(phenylcarbamoylainmo)-4KUorois^ 

described (Powers, et aL, Biochemistfv 29, 3108-3118 (1990)). Tliis compound (032 g, 1 
mmole) was mixed with phen^ isocyanate (0.12g, 1 mmole) in 5 ml of THF and the reaction 
mixture was stirred at r.t. overnight The product 7-(phenylcarbamoylamino)-4-chloro-3-(2- 
bromoethaxy)isocoumarin precipitated out, yield 40%, m.p. 215.217*C, mass qiectrum m/e 
» 437.9 (M+)> Anal. Calc. for CigHi4N204CIBr: Q 49.40; H, 322; N, 6.40; O, 8.10. 
Found: C,49.48; H, 3.2S; N,6 34; Q 8.12. The pheigdcarbamoylamino compom^ 
023 mmole) was heated with 0.02 g of thiourea (026 mmole) in 10 ml of THF at 70''C 
overnight The final product precq)itated out, yield 0.04 g, 36%, m.p. 16M63*C (dea), 
mass spectrum (FAB+) m/e - 433 (M-Br). Anal. Gala for q9HigN4O4CaBrS:0.25 THF: 
C, 45.12; H, 3.86; N, 1033; Ca, 6.67. Found: Q 44.83; H, 3.92; N, 10.12; CI, 6.41. 

7-(Ethylcarbamoylamino)*4-chloro-3-(2-isothiureidoethoxy)isocoumarin, 
7-(t-butylcarbamoylamino)-4.chloro-3-(2-isothiureidoethoxy)isocoumarin. 
7-(benzylthiocarbamoylamino)-4-chloro-3-(2-isothiureidoethoxy)isocoumarin, 7- 
(ethylthiocarbamGylamino)-4<hloro-3-(2-isothiureidoethax^)isocow 
thiocarbamoylamino-4-chloro-3-(2*isothiureidoethQxy) isocoumarin, and 7-(2,5- 
dimethylbm^l) thiocarfoamqylamino4<hloro-3-(2*isothiureidoeth^ isocoumarin can be 
prepared fay the same procedure. 

EXAMPLE SHC2 

Preparation of 7«(ace^amino)-4-chloro-3*(3-isothiureidopropoxy) isocoumarin: 

7-Amino*3(3*bromopropox^)-4-diloroisocoumarin was synthesized as previously 
described (Kam, et aL, 1988). This compound (033 g, 1 mmole) was heated with 0.15 g of 
acetic anhydride (1.5 mmole) in 20 ml of dry THF. After a few minutes, a yellow solid 
precipitated out. After 3 hrs, the solution was concentrated to 5 ml, and the solid was 
filtered to give 037 g of 7-(acetylamino)-4-chloro-3-(3-bromopropoi7) isocoumarin, m.p. 
170-172*'Q mass ^ectrum: m/e « 375 (M+). The acetylated isocoumarin (0.15 g, 0.4 
mmole) was treated with thiourea (0.036 g, 0.47 mmole) to ghre 0.9 g of the final product, 
(yield 50%), m.p. 180-181*0, mass qiectrum m/e = 370 (M+.Br). Anal. Calc. for 
Ci5Hi7N304CIBrS: Q 39.97; H, 3.80; N, 932; Q 7.87. Found: C, 39.86; H 3.83; N, 9.29; 
Ca, 7.85. 

7-trifluoroacetylamino-4-chloro-3-(3-isothiureidopropo3gr) isocoumarin, 7- 
hq[>tafluorobutyr(yylamino-4Kddoro-3*(3-isothiureidopropoxy^ 
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4-chlor{>'3-(3-isothiiireidopropQjy) isocouinarin, and 7-(o-phthalyl)amino-4-chioro-3-(3- 
isothiureidopropcaxy) isocoumarin can be prepared by the same procedure. 

EXAMPLE SHC3 

Frq)aration of 7*(benzylcarbamoylanimo)-4-chIoro-3-(3-isothiureidopropo?7) 

5 isocoumarin: 

7-(ben^Icarbamoylamino)-4-chioro-3(3-bromopropo^) isocoumarin was prepared 
from the reaction of bemyl isoc^anate with 7-ammo-4-chloro-3-(3-bromopropoxy) 
isocoumarin as described above, m.p. 188-189''Q mass spectrum: m/e = 359 (M+ -ben2yl). 
The final product was obtained from the reaction of 7-(benzylcarbamoylamino)-4-chloro-3- 
10 (3-bromopropoxy) isocoumarin with thiourea as described above ^eld 74%), m.p. 
165-166**C; mass spectrum (FAB+) m/e = 461 (M+-Br). Anal. Calc. for 
C2iH2^4O4ClBrS:0,75 THF: C, 4836; H, 4.70; N, 9.40; 0, 656. Found: Q 48.13; H, 4.87; 
N, 9.65; Ca, 6.15. 

EXAMPLE SHC4 

15 Preparationof7-(phenykcetylamino)-4-chIoro-3-(2-isotWureidoetho}y)isoco^ 

7-Amino-4-chloro-3-(2-bromoetho3y) isocoumarin (0.15 g, 0.47 mmole) was first 
mixed with phenylacetyl chloride (0.09 g, 0.55 mmole) in 10 ml of TEIF, triethylamine (0.05 
g, 0.47 mmole) was then added and the reaction mixture was stirred at r.t. overnight. After 
Et3NHa salt was removed by filtration, the product 7-(phenylacetylamino)-4.chloro-3-(2- 

20 bromoetho^) isocoumarin was oystallized from TEIF and Pet. ether O^idd, 73%), m.p. 
165-169* C; mass spectrum; m/e = 436.7 (M+). The phenylacetyamino derivative (0.1 g) 
was heated with thiourea (0.02 g) to give the product 0.05 g O^eld, 40%), m.p. 115-120*C; 
mass spectrum (FAB+) m/e = 432 (M+ -Br). AnaL Calc. for C2oHi9N304ClBrS'0.5 H2O: 
C 45.99; H, 3.83; N, 8.05; CI. 6.80. Found: Q 46.09; H, 4.17; N, 8.02; CI, 6.79. 

25 EXAMPLE SHC5 

Preparation of 7-(R-a-methylbenzylcarbamoylamino)-4-chloro-3-(2- 

isothiureidoethcxy) isocoumarin: 

7-(R-a-methylbenzylca]i>amoylamino)-4-chloro-3-(2-bromoetho37) isocoumarin was 
synthesized in the same manner as described above» m.p. 183-185^ C; mass spectrum m/e 
30 « 464 (M+). Hxis compound (0,1 g) reacted with thiourea (0.02 g) under the same 
condition described above to form the finalproduct7-(R-o-methylben2ylcarbamo 
chloro-3-(2-isothiurd[dQetho^) isocoumarin (0.078 g), m.p. 143-150*Q mass spectrum 
(FAB+) m/e « 461 (M+ -Br). Anal. Qilc. for C2iH22N4O4CIBrS-0.5H2O: Q 45.75; H. 
435; N, 10.17; a 6.44. Found: C, 44.95; H, 431; N, 10.02; a 636. 
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EXAMPLESHC6 

Preparation of 7.p-phenylalanylainino)-4-chloro.3(2.isothiureidoethoxy) 
isoooumarin: 

BooD-Phe (033 g, 12 mmole) reacted with U-dKydohexylcarbodiimide (0.13 g, 0.6 
imnole) in 10 mi THF at O'C for 1 hour to torn the symmetric anhydride, and then 
7-amino-4<hIoro-3(2-bromoethaigr) isocoumaiin (O^g, 0.6 mmole) was added. Hie reaction 
was stirred at r.L overnight and the precipitate 7-(Boc*D-Fhe-amino)-4-chloro-3- 
(2-1>romoetha9Qr) isocoumarin was formed (0.29 g, 71%). TLC one spot, m.p. 180-182'C; 
mass qiectnim m/3 - 566(M+). AnaL Calc. for C25H2fiN206aBn C, 53.07; H, 4.63; N, 
4.95; a 6.27. Found: Q 53.25: H, 4.66; N, 4.87; a 6.24. Boc-D-Phe compound (0.2 g, 0.35 
mmole) was reacted with thiourea (0.027 g, 035 mmole) in the same manner to give 7-(Boc- 
D-phenylalanylamino)-4Kdiloro-3-(2-isothiurddoetha)7) isocoumarin (0.14 g), yield 62%, 
mass spectrum (FAB+) m/e » 561 (M+ -Br). This compound (0.1 g) was dissolved in 3 ml 
of THF at O'C and then the sohrent was evaporated to diyness. The final product 
precipitated out after addition of ether, one spot on TLC (CH3CN:H20:AcOH » 8:1:1); mass 
spectrum (EAB+) m/e » 462 (M+ -Br -CFsGOO). 

7-Boo-alanyIamino-4-chlQro-3-(2-isothiureidoethQ37) isocoumarin, 7-baizoylamino- 
Ala-4<iiloro-3(2-isothiureidoethooQr) isocoumarin, 7-benzoylamino-Phe-4KUoro-3-(2- 
isotfaiureidoethooQr) isocoumarin and 7-Boc>valy]amino4-chloro-3-(2-isothiureidoethai7) 
isocoumarin can be prqiared fay the same procedure. 

EXAMPLE SHC7 

Preparation of 7-(Boc-alanylalaiqrlamino)-4-chloro-3-(2-isothiureidoethoxy) 
isoooumarin: 

7-(Boo-alaiiylalany]amino)-4<hloro-3-(2-bromoethaxy) isoooumarin was synthesized 
in the same manner, m.p. 147-151'Q mass ^ectrum m/e - 561 (M*). Anal. Calc: C, 
47.12: H, 4.85. Found: C, 47.18; H, 4.87. This compound (0.2 g) was reacted with thiourea 
(0.03 g) by the same procedure to form 7-(Boc-alanylalaiqr]amino)<4-cfaloro-3-(2- 
isothiureidoethajgr) isocoumarin (0.04 g), mass spectrum m/e - 556 (M+ -Br). 

7-(Alany]alaiqr]amino)-4-diloro-3(2-isothiureidoethoxy) isocoumarin was prqiared 
fay deUoddng of Boc-Ala-Ala-NH-CflEtOIC with trifluoroacetic add, mass spectrum 
(FAB+) m/e « 456 (M+ -Br -CF3COO). 

EXAMPLE SHC8 

Prqnration of 7-0ph«qrlthiocaibampylamino)-4-chloro-3-(2-isothiurddoetha]7) 
isocoumarin: 



eilRQTiniTP .QHP(=T 



W092/1189) 



PCr/US91/09786 



-22- 

7-(Phenylthi0caibamoy]ainmo)-4K^oro-^ isoooumarin was prepared 

from the reaction of phenyl isothioqranate with 7-amino-4-diIoro-3-(2^bronioetho37) 
isocoumarin, yield 59%, m.p. 1S7-1S8*'Q mass spectrum m/e = 361 (M*** -PhNH^l). AnaL 
Qdc.: Q 48 36; H, 339. Found: Q 48.26; 3.40. The bromoetho]^ compound was then 
S reacted with thiourea by the same procedure to give the final product, yield 32%; mass 
spectrum (FAB+) m/e 449 (M**" -Br). 

EXAMPLE SHC9 

Frqparationof7-(m-carboxyphraylthiocarbamoylamino)-4-cUoro-3-(2-bromo 
isocoumarin was prepared from the reaction of m-carbo?^henyl isothiocyanate with 7- 
10 amino-4-chloro-3-(2-bromoetho3iy) isocoumarin, yield 64%, m.p. 157-158^ Q mass spectrum 
m/e 361 (M+ .(COOH)PhNH+-Br). 

7-<3-Huorobenzqyl)amino-4-diloro-3-(2-isotMureidoetho9iy) isocoumarin, 7-(3- 
nitrobenzoyl)amino-4-d]loro-3-(2-isothiureidoethG07)i^ 

chloro-3-(2-isothiureidoethoxy) isocoumarin, 7-dq>henyIpropionyIamino-4-chloro-3-(2- 

15 isothiureidoetho:qr) isocoumarin, 7-(p-toluenesulfonyl) amino-4-diloro-3-(2- 
isothiureidoethco^) isocoumarin, and 7-(a-toIuenesu]fonyl) amino-4-chloro-3-(2- 
isothiureidoethoxy) isocoumarin can be prq>ared from the reaction of corresponding 7- 
substituted-4-chloro-3-(2-bromoetho37) isocoumarin with thiourea as described above. 7- 
substituted4-chloro-3-(2-bromoeth(^) isoooumarin can be i^thesked by reacting 7-amino- 

20 4-cfaIoro-3-(2-faromoetho]iy) isocoumarin with appropriate acid chloride or sulfonyl chloride 
in the presence of Et3N. 

7-Ethoxycarbonylamino-4-chloro-3-(2-isothiureidoetho3cy) isocoumarin, 7- 
ben^l(»cycarbonylamino-4-chloro-3-(2-isothiureidoethoxy) isocoumarin, and 7- 
pheno^carbonylamtno-4-diloro-3-{2-isothiureidoethoxy) isocoumarin can beprepared from 

25 the reaction of 7-5ubstituted-4-chloro-3-(2rbromoethoxir) isocoumarin with thiourea. 7- 
Etho^carbonylanuno-4-chloro-3-(2-bromoethosy)socoumarin7-benz^^ 
chloro-3-(2^bromoethaxy) isocoumarin and 7-phenaxycarbonylamino-4-chloro-3-(2- 
bromoethco^) isocoumarin can be synthedzed by reacting 7-amino^-diloro-3-(2- 
bromoetho^) isocoumarin with the correqionding chloroformate. 

30 C PEPTIDE KETO-COMPOUNDS 

Pqstide a-ketoest^ peptide a-ketoacids, and peptide a*ketoamides are transition 
state analog inhibitors for serine proteases and cysteine proteases. While these subclasses 
of compounds are chemically distinguishable, for simplicity, all of these compounds will be 
referred to collective^ herein as the Teptide Keto-Compounds". 
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The interactions of peptides with serine and cysteine proteases are designated herein 
using the nomenclature of Schechter, L, and Berger, A., 1967, Biochem. Biophys. Res. 
Commun« 27: 157-162 (incoiporated herein by reference). The individual amino add 
residues of a substrate or inhibitor are des^ted PI, P2, etc. and the corresponding 
subsites of the en^e are designated SI, S2, eta The sdssiie bond of the substrate is 
Pl-Pr. Hie primaiy recognition site of serine proteases is SL The most important 
recognition subsites of qrsteine proteases are SI and S2. 

Amino add residues and bloddng groins are designated using standard abbreviations 
[see J. BioL Oiem. 260, 14^2 (1985) for nomenclature rules; incorporated hmin by 
reference]. An amino acid residue (AA) in a peptide or inhibitor structure refers to the 
part structure -NH-CHR1-CO-, where Rl is the side chain of the amino add AA. A 
peptide a-ketoester residue would be designated -AA-CO-OR which represents the part 
structure -NH-aiRl.CX)<X)-OR. Thus, the ethyl ketoester derived from benzoyl alanine 
would be designated Bz-Ala-CCK)Et which represents C6H5CO-NH-CHMe-CO-CO-OEt. 
Likewise, peptide ketoadd residues residues would be designated •AA-CX>-OH. Further, 
peptide ketoamide residues are designated -AA-CO-NH-R. Thus, the ethyl keto amide 
derived from Z-Leu-Phe-OH would be designated Z-Leu-Phe-CO-NH-Et wfaidi rqiresents 
C5H5CH20CX).NH-ai(CaJ2CHMe2)-CO.NH-CH(C^ 

Peptide a-ketoesters containing amino add residues with hydrophobic side diain at 
the PI site have also been found to be excellent inhibitors of several cysteine proteases 
induding papain, cathq)sm B and calpain. 

Ca^ains can be inhibited by pq^tide inhibitors having several different active groups. 
Structure-activity relationships with the commercially available in vitro inhibitors of Calpain, 
sudi as peptide aldehydes, have revealed that Chains strongly prefer Leu or Val in the P2 
position. These enzymes are inhibited by inhibitors having a wide variety of amino adds 
in the PI position, but are generally more e£fectivel}r inhibited by inhibitors having amino 
adds with nonpolar or hydrophobic side diains in the PI position. Thus, we have discovered 
that another particular dass of compounds exhibiting Calpain inhibitoiy activity, when used 
in accordance with the present invention, are the Peptide Keto-Compounds. These are 
compounds of the gmeral structure: 

O 

II 

M-(aaVC-Q-R 
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or a phannaceutically acceptable salt, wherein: 

M represents NH2-CO-, NH2<:S-, NH2-S02-, X-NH-CO-, X-NH-CS-, 
X-NH-SQ2-,X-00.,X<S-,X-SQ2-,X-O.CO-, or X-0-CS-,H, acetyl, carbobenzo^, 
sucdnyl, methylosc^ucGinyl, butyloj^carbonyl; 
5 X is selected from the group consisting of Cl-6 al^l, Cl-6 fluoroalkyl, Cl-6 

alkyl substituted with J, Cl-6 fiuoroalkyl substituted with J, 1-admantyl, 9-fiuorrayl, 
phenyl, phenyl substituted with K, phenyl disubstituted with K, phexxyL trisubstituted 
with K, naphthyl, naphdiyl substituted with naphthyl disubstituted with K, 
naphthyl trisubstituted with K, Cl-6 allgrl with an attadied phenyl group, Cl-6 allgd 
10 with two attached phenyl groups, Cl-6 all^l with an attached phenyl group 

substituted with K, and Cl-6 alkyl with two attached phenyl groups substituted with 

J is selected from the group consisting of halogen, COOH, OH, CNf, N02, 
NH2, CW alkoxy, C1.6 alkyiamine, C1.6 diallgrlamine, Cl-6 alkyl-O-CO-, C1.6 
15 alkyl-O-CO-NH, and Cl-6 aD^l-S-; 

K is selected from the group consisting of halogen, Cl-6 alkyl, Cl-6 
perfluoroalkyl, Cl-6 alko^gr, N02, CN, OH, C02H, amino, Cl-6 alkylamino, C2.12 
diall^amino, C1-C6 ac^I, and Cl-6 alkoxy-CO-, and Cl-6 alkyl-S-; 

aa represents a blocked or unblocked amino add of the L or D 
20 configuration, preferably sdected from the group consisting of: alanine, valine, 

leucine, isdeucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, q^teine, tyrosine, asparagine, g^utamine, 
aspartic add, glutamic add, i^rsine, arginine, histidine, phenylg^ydne, beta-alanine, 
norleudne (nle), nonraline (nva), alpha-aminobutyric add (abu), epsilon- 
25 aminocaproic add, dtrulline, hydro^roline, homoarginine, ornithine or sarcosine; 

n is a number from 1 to 20; 

QisOorNB, 

R represents H, Cl-6 all^l. Cl-6 fluoroallqfl, Cl-6 chloroallqd, heiayl Cl-6 
all^l substituted with phenyl, Cl-6 all^l with an attached phenyl group substituted 
30 withK 

Thus, the Fq)tide Keto-Compounds can be divided into the Pq)tide Ketoesters, 
Peptide Ketoadds and Peptide Ketoamides. Each of the compounds can also be classified 
based on the number of amino adds contained within the comp ound, such as an ammo add 
peptide, peptide, tripq)tide, tetrapqitide, pratapeptide and so on. 
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We have found certain subclasses of Pq>tide a-Ketoester compounds to be 
particular^ use&l as Ca^ain Inhibitors when used in accordance with the present invention. 
These subclasses are referred to herein as the D^ieptide a-Ketoesters (Subclass A), the 
Di{>eptide a-Ketoesters (Subclass B), the Tx^eptide a-Ketoesters (Subclass A), the 
5 Trq)eptide a-Ketoesters (Subclass the Tetnqpq)tide a-Ketoesters and the Amino Add 
Pq>tide a-Ketoesters. All of these subclasses are considered to be to be within the dass of 
Pq>tide Keto-Compounds. 

Ihe Dq>q>tide a-Ketoestars (Subdass A) are compounds of the formula: 
Mx-AA2-AA2-CO-0-R| 
10 or a pharmaceutical^ aocq)tahle salt, ixAierein 

Ml represents H,NH2<X>^NH2-CS^NH2-S02-,X-m-CX^ 
X^-CS-, X-NH-SOj., XaN^O^-, X-CO-, X-CS-, X.SO2-, X-O-CO-, or X-0-CS-; 

X is sdected from the group consisting of C^.^o ^-10 Auoroalkyl, C^.^q 
substituted with J, C^^ofl^o^^lsubstituted with J, 1-admantyl, 9-fluorenyl» phenyl, phenyl 
IS substituted with K, phen;^ disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K» naphthyl disubstituted with K, naphthyl trisubstituted with K, 
^.-10 ^ attached phenyl group, C^.^q allc^l with two attadied phenyl groups, C^.^q 

all^l with an attached ph^yl groiqp substituted with K, and C^j^q aOyl with two attadied 
phenyl groups substituted with K, C^.^o alkyl with an attached phenoi^ group, and C^.^q sSkyl 
20 with an attadied phenos^ groiqi substituted with K on the pheno3^ group; 

J is sdected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, C^. 
10 alkoxy, C^jq altylamine, C^jj diallqrlamine, C^.^q alM-O-CO-. C^.^q allqd-O-CO-NH-, 
and C^.^Q all^l-S-; 

K is sdected from the group consisting of halogen, C^.^q allcyl, C^^o perfluoroallcyl, 
25 q.io alkojgr, NOj, CN, OH, OO2H, amino, C^.^q dkylamino, C2.12 dialkylamino, C^-C^q acyl, 
C^.iO allraxy-CO-, and C^.^q aO^l-S-; 

AA^ is a side chain blodced or unblocked amino add with the L configuration, D 
configuration, or no diirali^ at the a-carbon sdected from the group consisting of alanine, 
i valine, leucine, isoleudne, proUne, methionine, methionine sulfoxide, pheiiylahuiine, 

30 tryptophan, serine, threonine, c^eine, Qfrosine, asparagine, glutamine, aspartic add, 
> glutamic add, lysine, arginine, histidine, phenylglydne, beta-alanine, norleucine, norvaline, 

a^ha-aminobu^c add, epsilon-aminocaproic add, dtruUine, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carbo3cylic add, 2-azetidinecarbo39lic add, pipecolinic 
add (2-pipmdine carb(»ylic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 
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ethylcysteine, S-ben2ylcysteine» NH2-CH(CH2CHEt2)-COOH, a^ha-aminoheptanoic add, 
NH2-CH(CH2-l-napthyl>COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cydohesgrl)-COOH, NH2-CH(CH2-cydopenQ4)-COOH, NH2-CH(CH2-cydobutyl)-COOH, 
MH2-CH(CH2'<7dopropyl)-COOH» trifhiordeudnei and hexafhioroleudne; 

AA2 is a side diain blodced or unblodced amino add with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of leucine, 
isdeucine, prolin^ methionine, methionine sulfoxide, phenylalanine, tzyptophan, g^cine, 
serine^ threonine, cysteine, Qvosine, asparagine, ghitamine, a^artic add, ^utamic add, 
fysine, aiginine, histidine, phenylgi^^e, beta-alanine, norleucine, norvaline, alpha- 
amuiobuQ^ add, epsilon-aminocaproic add, dtruUine, hydrosgproline, ornithine, 
homoarginine, sarcosine, indoline 2-carbax^lic add, 2-azetidinecarbo3^1ic add, pipecolinic 
add (2-piperidine carbo^lic add), O-methylsoine, O-ethylserine, S-methylcystetne, S- 
ethylcysteine, S-benzylcysteine, NH2-CH(CI^CHEt2)-COOH, alpha-aminoheptanoic add, 
NH2-CH(CH2-l-napthyI>COOH. NH2-CH(CH2-2.napthyl).COOH, NH2-CH(CH2- 
(ydoheiyl).C»OH, NH2-CB[(C^-cydopentyl)-COOH, NH2-C3I(C3l2-cydobutyl)-COOH, 
NH^-CH(CS[^-cydopropyl)- trifluoroleudne, and hezafluoroleudne; 

is sdected from the group consisting of % allgi C^.20 ^ phenyl 

group attadied to the €^.20 ^-20 ^ ™ attached phenyl group substituted 

withK 

The Dipq)tide a*Ketoesters (Subdass B) are compounds of the structure: 
Mi-AA-NH-CHRa-CO-COO-R 
or a pharmaceutical^ acceptable salt, wherein 

MirepresentsH,NH2-CX)-. N]^.CS-,NBj-S02-, X-NH-CO-, X^N-CO-, X-NH-CS-, 
X^-CS-, X.NH.SO2-, 3^*502-, X-CX)-, X-CS-, X-S02-, X-O-CO-, or X-O-CS-; 

Xis selected from the group consisting of C^.^q allgd, C^.^q fluoroallg^l, C^.^q alkyl 
substituted with J, Cj^^^QfluoroaO^l substituted with J, 1-admantyl, 9-fluorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with phenyl trisubstituted with K, napbthyl, 
naphthyl substituted with K, n ^hthyl disubstituted with K, naphthyl trisubstituted with K, 
C^.^oalkyl with an attadied phmyl group, C^^iQaOyl^^hhtwo attached phenyl groups, C^.^g 
all^l with an attached phmyl group substituted with K, and C^.^q alkyl with two attadied 
phmyl groups substituted with K, C^.^Qall^widi an attadied phencg^^^ and C^.^oa]]gd 
with an attadied phenaxj group substituted with K on the pheno^c^ group; 
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J is selected from the group consisting of halogen, COOH, OH, CN, NOj, NHj, q. 
10 albncy, C^^^q allqriamine, C^j2 dialMamn^ Ci.io aflgd-O-CX)-, Ci.io alk)4-0-C0-NH-, 
and Ci.io all7l<5-; 

Kis selected from the group consisting of halogen, Ci,jq alky], q.^, peifluoroallgr], 
q.ioalkaxy, NOj, CN, OH, OO^H, amino, q.j^, allgdamino, C^jj diallgrlamino, q^Tio acyl, 
and C|.jo alka97.CO>, and Cj.^ all^l-^; 

AA is a side diain blocked or unblocked amino add with the L configuration, D 
configuration, or no durality at the a-carbon selected from the group consisting of alanine, 
valine, leudne, isoleudne, proline, methionine, methionine sulfbnde, phei^lalanine. 
tryptophan, ^^fdne, serine, threonine, cysteine, tyrosine, a^aragine, ghitamine, aapartic add, 
glutamic add, lysine, aiginine, histidine, phenyl^ydne, beta-alanine, norleudne, norvaline, 
a^ha-aminobutyric add, epsflon-^minocaproic add, dtruUine, faydroqpioline, ornithine, 
homoarginine, sarcosine, indoline 2-carb(H7lic add, 2-azetidinecarbax^ add, pipecolinic 
add (2-piperidine carbojgrlic add), O-metbylserine, O-ethylserine, S-methylcysteine, S- 
ethylqrateine, S-benz^cystdne, NH2-CH(C^CHEt2)-COOH, alpha-aminoheptanoic add, 
NH2.CH(CH2.1.napthyl).COOH, NH2<aH(CH2.2.napthyl).CX)OH, NH2-CH(CH2- 
<ydohexyl)-COOH, NHj-CHCCHjsydopentyl^OOOH, NH2-CH(CH2-cyclobulyl)<DOH, 
NH2-CH(CH2<ydopropy]).COO£^ trifluoroleudne, and hexafluoroleudne; 

R2 rqtresents C^^ branched and unbrandied alky], C^^ brandied and unbrandied 
qrclized allgrl, or C^^ branched and unbranched fluoroallcyl; 

R is sdected from the group consisting of H, alkyl, alkyl with a phenyl 
group attached to the q^ all^l, and q^ alk^ with an attached phenyl group substituted 
withK 

The Tripeptide a-Ketoesters (Subdass A) are compounds of the structure: 
M3.AA-AA-AA.CO.O-R 
or a pharmaceutical^ acceptable salt, wherein 

M3 represents H, NHj-CO-, NHj-CS-. NH2-SO2-, X-NH-CO-, XjN-OO-, X-NH-CS-, 
XjN-CS-, X.NH-SO2-, XjN^Oj-, X-CO-, X-CS-, X^Oj-, T-O-CO-, or X-0-CS-; 

X is sdected from the group consisting of q.j^ allgrl, q.io fluoroalkyJ, q.jo alkyl 
substituted with J, q.^ fluoroallgrl substituted with J, 1-admantyl, 9>fhiorenyl, phoiyl, phoiyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
q.io an attached phenyl group, q.^, alkyl with two attadied phenyl groups, q.jo 

allgrl with an attached phenyl group substituted with K. and q.io allgrl with two attadied 
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phenyl groups substituted with K, C^.^q all^l with an attached phenogr group, and C^^^q all^l 
with an attached phmasy group substituted with K on the phenoxy group; 

T is selected from the group consisting of C^.^g allgd, C^.^q fiuoroall^ C^.^q all^l 
substituted with J, C^.^ofluoroall^lsubstitutedwith J, 1-admantyl, 9-fiuoreiQd, phenyl, phenyl 
substituted with K, phenyl disubstituted with phenyl trisubstituted widi K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with 
Cj^^Q alkyl with an attached ph^l group, C^.^q allgrl with two attached phenjd groups, C^.^q 
alkyl with an attadied phen^ group substituted with E, and C^.^q alkyl with two attached 
phen^ groups substituted with 

J is selected from the group consisting of halogen, COOH, OH, CN, NO^, NHj^ C^. 
10 alkoxy, C^.^g alkylamine, Cj^^ dial^damine, q.io alkyl-0-CO-» C^.io alkyl-O-CO-NH-, 
and C|.2o allcytS-; 

Kis selected from the group consisting of halogen, C^.^q all^l, Ci.io perfluoroallgd, 
q^io alkcay, NOj, CN, OH, COjH, amino, q.^o aU^iamino, C^n dialkylamino, q-C^o acyl. 
and C^^iQ alk03C{f-CX)-, and C^.^q alkyl-S-; 

AA is a side chain blocked or unblocked amino add with the L configuration, D 
configuration, or no chiralit/ at the a-caifaon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tiyptqphan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, l^ine, arginine, histidine, phenyl^ydne, beta-alanine, norleudne, norvaline, 
a^ha-aminobutyric acid, q}silon-aminocaproic add, dtruUine, hydrosyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carbo3^ add, 2-azetidmecarboxylic add, pipecolinic 
add (2-piperidine carboi^lic add), O-metfaylserine, O-ethylserine, S-methykysteine, S- 
ethylc^steine, S-benzylc^steine, NB2-CH(CH2CHEt2)-COOI^ a^ha-aminoheptanoic add, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2.napthyl).COOH, NHj-CHCCHj- 
cydohe3yl)-COOH, NHj-CHCCH^-cydopentyl^COOH, NH^-CH(CH2-qrcIobutyl)-COOH, 
MH2-CH(CH2-€ydopropyl)-COOE^ trifluoroleudne, and hexafluordeudne; 

Ris selected from the group consisting of H, C^20 ^-20 aOg^l with a phenyl 
group attached to the 0^.20 ™^ ^-20 ^U^l with an attached phenyl group substituted 
withK 

The Trqieptide a-Ketoesters (Subdass B) are compounds of the structure: 
M3-AA-AA-NH-CHR2-CO-CO-0-R 
or a pharmaceutically acceptable salt, herein 
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Mjrepresents H,NH2-CO-,NH2-CS-,NEi2-S02-, X-NH-CX)-, X^N-CX)-, X-NH-CS-, 
3yj-CS-, X-NH-SO2-, XjN^Oj-, X-CO-, X<S-, X-SO2-, T-O-CO-, or X-0-CS-; 

X is selected from the group consisting of C^.^q alkyl, C^.^q fluoroalkyl, C^.^q allg^l 
substituted with J, C^.^q fluoroall^l substituted with J, 1-admantyl, 9-fluorenyl, phenyl* phenyl 
5 substituted with phenyl disubstituted with phenyl txisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
^.10 ^ attadied phenyl group, C^.^^ alkyl with two attadied phenyl groups, C^.^^q 

alkyl with an attached phen^ group substituted with K, and C^^q alkjl with two attached 
phenyl groups substituted with K C^.io aUyl^th an attadied phenaxy group, and C^.^q all^l 
10 with an attached phenoxy groiqp substituted with K on the phenos^ group; 

T is selected from the group consisting of C^.^q alkyl, C^.^q fluoroalkyl, C^.^q allgrl 
substituted with J, C^.^g fluoroalkyl substituted with J, 1-admantyl, 9-fluorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
15 ^10 ^ attadied phenyl group, C^.^q all^l with two attached phenyl groups, C^.^g 

alkyl with an attached phenyl group substituted with K, and C^.^g alkyl with two attached 
phenyl groups substituted with K; 

J is selected from the group consisting of halogen, COOH, OH, C3^, NO2, NH2, C^. 
iQ alkojy, Cj.io altgdamine, C^.^q dialkylamine, C^.^g allqfl-O-CO-, C^.^g alkyl-O-CO-NH-, 
20 and C^^g aUgrl-S-; 

K is selected from the group consisting of halogen, C^.^g allqrl, C^.^g peifluoroallgd, 
Ci.iQ alkojgr, NOj, O^, OH, CO2H, amino, C^.^g alkylamino, Cj^ia dialkylamino, Cj-Cig acyl, 
and C^.ig alko3Qr.CO-, and C^^g allgrW-; 

AA is a side chain blocked or unblocked amino add with the L configuration, D 
25 configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagme, giutamine, aspartic acid, 
glutamic add, fysine, arginine, histidine, phenylgl^cine, beta-alanine, norleucine, norvaline, 
alpha-aminobu^ic add, q)silon-aminocaproic acid, dtruUine, hydroxyproline, ornithine, 
30 homoarginine, sarcosine, indoline 2-carbo^lic add, 2-azetidinecarboxylic add, pipecolinlc 
add (2-piperidine carixD^lic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 
ethyk^steine, S-benzylcysteine, NH2-CH(CI^CHEt2)-COOH, alpha-aminohqptanoic add, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl).COOH, NH2-CH(CH2- 
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cydohexyl).COOH, NH2-CH(CH2-cyclopentyl)-CX)OH, NB2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH(Ql2-<7clopropyl)-COOH, frifluoideudne, and hesraftuorQleucin^ 

R2 represents Cj^ branched and unbrandied allg^l. C^^ brandied and unl»andied 
cydized all^l, or C^^ brandied and unhrandied fluoroalkyl; ' 
5 R is sdected from the group consisting of H, Ci.20 allqrl, 0^,20 altyl ^ a phenyl 

group attadied to the q.20 allgrJ, and alkyl with an attadied pheigd group substituted 
withK 

Hie Tetrapq>tide a-K^esters are conqx}unds of the structure: 

l^-AA4-AA-AA-AA-CO-O.R 

10 or a phaimaoeuticalfy aoceptaUB sal^ ^oein 

M3representsH,N^-CO.,NH2-<^-'^^:S02^X.NH.C0^3qN<X).,X.NH^^ 

XjN-CS-, X-NH-SO2-. XjN-SOi-, X-CC, X-CS-, X-SO^., T-O-OO-, or X-O-CS-; 

X is selected from the groi:p consisting of Ci.io aB^l Cj-io AuoroalkyJ, C^jo allq'l 
substituted withJ,Ci.iofluoioallgil substituted wifliJ.l-admanl^S-fluorenyl, phenyl, p 

15 substituted with K, phei^ disubstituted with K, phenyl tiisubstituted with K, naphthyl. 
naphthyl substituted with K, nqihtlqrl disubstituted with K, naphthyl tiisubstituted with K, 
allgfl with an attached phenyl group, q.io aBgd with two attadied phenyl groups, q.^ 
allcyl with an attadied phoiyl gfoap substituted with K, and Ci.jff aSs^ with two attadied 
phenyigroupssubstitutedwithK, Ci.ioaBg4with an attachedpheno^ group, and Ci.ioaDgrl 

20 with an attadied pheno«ygroiq> substituted with K on the phenc9Qr group; 

T is selected from the groiq> consisting of C1.10 alkyl, C^^o fluoroallgi, C^o allqrl 
substituted with J, ^.i^fluoroan^lsubstituted with J, 1-admaniyI, 9-fluorenyl, phenyl, phenyl 
substituted with K, pheiqd disubstituted with K, phenyl tiisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthjd trisubstituted with K, 

25 Cj^jf^akglvti&an&ttadiedphea^ffov^^ 

aO^l with an attached phenyl group substituted with K, and q.^ alkyl with two attached 
phenyl groups substituted with 

J is sdeaed from Ae groi^ consisting of halogen, CX)OH, OH, CN, NOj, NI^ Cj, 
10 allraxy, C^^ alkylamine, C^j^ diallgrlamine, q.^ aUgd-O-CO-, q.io alkyl-04:0-NH-, i 

30 and q.^o alIg4-S>; 

K is selected from Ae grot? consisting of halogoi, q.io alkyl, q.io p«fluoroalkyl, ? 
q.iO aJkoi^. NO2, CN, OH, CO^ amino, q.io alkylamino, C^jj diallgrlamino, q-qo acyl, 
and q.io alkoxy-CO-, and q.^ allgi-S-; 
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AA is a side chain blocked or unblocked amino add with the L configuration, D 
configuration, or no diirality at the a-caibon selected from the group consisting of alanine, 
valine, leucine, isoleuctne, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, g^^e, serine, threonine, cysteine, tyrosine, asparagine, g^utamine, aqiartic add, 
5 ^utamic add, fysine, arginine, histidine, phenyl^ydne, beta-alanine, norleudne, norvaline, 
a^ha-aminobutyric add, qisilon-aminocaproic add, citruUine, hydraxypndine, ornithine, 
homoarginine, sarcosine, indoline ^carbog^lic add, 2-azetidinecarbogQrlic add, pq>ecolinic 
add (2ppiperidine carboxylic add), O-methylserine, O-etl^erine, S-methykysteine, S- 
ethylcTsteine, S-benzykysteine, NH2-CH(CH2CHEt2)-CX)OH, a^ha-aminohq>tanoic add, 

10 NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cydohexyl).COOH, NH2-CH(CH2-<ydopentyl)-COOH. NBj-CH(CH2-«ydobutyI)-COOH, 
NB^<H(CE^-(7dopropyl)-COOH, trifluoroleudne, and hexafluoroleudne;; 

AA4 is a side chain blocked or unblocked amino add with the L configuration, D 
configuration, or no diirality at the a-carbon sdected from the group consisting of leucine, 

15 isoleudne, methionine, methionine sulfoxide, phenylalanine, tryptophan, glydne, serine, 
threonine, cysteine, tyrosine, asparagine, glutamine, a^artic add, ^utamic acid, lysine, 
arginine, histidine, phenylgl^dne, beta-alanine, norleudne, norvaline, alpha-aminobutyrlc 
add, q>silon-aminocaproic add, dtruUine, hydroxyproline, ornithine, homoarginine, 
sarcosine, indoIine2<arbojQrlicadd,2-azetidinecarbo3^cadd, pqiecolinicadd (2-p4>eridine 

20 carbax^ add), O-methylserine, O-etl^lserine, S-methykysteine, S-ethylqrsteine, S- 
ben2ylcysteine,NH2-CH(CH2C3IEt2)-CX)OH,a^ 
napthyl)-COOH,NH2-CH(ai2-2-napthyl)-COOH,NH2-^^ 

CH(CH2-cydopentyl)-COOH, NH2-CH(CH2-cydobutyl)-COOH, NH2-CH(CH2- 
cydopropyI)-COOH, trifluoroleudne, and hexafluoroleucine; 
25 R is selected from the group consisting of H, C|.2o ^ phenyl 

group attached to the alk^ and ™ attached phenyl group substituted 

withK 

Hie Amino Acid Peptide a-Ketoestm are compounds of the structure: 
M^-AA-COO-R 
30 or a pharmaceutically aocq>table salt, wherein 

Ml represents H, NH2-OO-, NH2-CS-, NH2-S02-, X-NH-CO-, XjN-CO-, X-NH-CS-, 
XjN-CS-, X-NH^02-, XjN^Oj-, Y-CO-, X-CS-, X^Oj-, X-O-CO-, or X-O-CS-; 

X is sdected from the group consisting of C^.^q all^l, C^.^q fluoroalkyl, C^.^q all^l 
substitutedwith J,Ci.iofluoroalkylsubstitutedwith J, 1-admantyl, 9-fluoreny], phenyl, phenyl 
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substituted with K, ph^I disubstituted mth K, phenyl trisubstituted with naphthyl, 
naphthyl substituted with K, naphAyl disub^tuted wfth naphthyl tiisubstituted with K, 
C^.^qbU^I with an attadiedphen^ group, C^.^q all^l with two attached phenyl groii^s, C^^^q 
allgd with an attached phmyl group substituted with K, and C^^^q aUcyl with two attached - 
5 phenylgroups substituted with C^^^q all^ with an attached phenoxy group, and C^^^q aBsyl 
with an attadied phenoo^ group substituted with K on the phenoxy group; 

Y is selected from the group consisting of C^^ B&yl C^.^q fluoroalkyl, C^.^q all^l 
substituted with J, C^^q AuoroaOgrl substituted with J, l-admantyl, 9-fluoienyl, phenyl 
substituted with K, pheiqd disubstituted with phenyl tiisubstituted with K, naphthyl, 

10 naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Pi.io ^1 ^ attached phengd group, C^.^^ alkyl with two attadied phenyl groups, C^.^q 
all^ with an attached ph«iyl group substituted with K, and C^.^q alkyl with two attached 
phenyl groups substituted widi E; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NI^, C[. 

15 10 alkox^, alkylamine, C^^j dialkylamine, Cj.jio allgfl-O-CX)-, aUqrl-O-CO-NH-, 
and C|.^Q al^l-Ss 

Kis sdected from the group consisting of halogen, C^.^q all^l, C^j^q perfluoroalkyi, 
Ci.io aHKwy» NOj^ CN, OH, CO2H, amino, C^^q allgdamino, Cj-iz diallqdamino, C^-C^q acyl, 
and C^jiQ albxj^-CX)-, and C^.^q aU^-S-; 

20 AA is a side diain blocked or unblodced amino add witii the L configuration, D 

configuration, or no chirality at the a-carbon sdected from the group consisting of ahuiine, 
valine, leucine, isdeudne, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, ^osine, asparagine, gflutamine, a^artic add, 
g^utemyc add, fysine, arginine, histidine, phenylgl^dne, beta-alanine, noiieudne, noivaline, 

25 alpha-aminobutyric add, qisilon-aminocaprok acic^ dtruUine, Iiydro^^roline, ornithine, 
homoarginine, sarcosine, indoline 2-caifaoKylic add, 2-azetidinecarbGQ^u: add, pqiecolinic 
add (2-p^eridine caibco^lic adcQ, O-metlgdserine, O-eihylsenne, S-methylcysteine, S- 
ethylcysteine, S-benzylcysteine, NH^-CH(CEl2CHE^-CX)OH, alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-iiaptiiyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 

30 iydohe:^l)^OH, NH2-CH(CH2-cydopentyl>CX)OH, NH2-CH(CH2-cydobutyl).COOH, 

Ml2-CH(C3l2<ydopropyl>COOH, trifluordeudne, and hexafluoroleudne; * 

R is selected from the group consisting of H, Cj^.20 aU^I* ^^th a phenyl 

group attached to the €^^20 ™^ ^-20 ^ attached phenyl group substituted 

withK 
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The following PqJtide Ketoester ooiiq)ounds are represoitative of the Fq) tide Keto- 
Compounds found to be useM as Calpain inhibitozs vdthin the context of the present 
invention: 

Bz-DI/.AU-C0OEt 
5 Bz-DL-AU-COOBzl 
Bz>DL-Ala-OOQnBa 
ftE-DL.Fhe-CCX>Et 

Bs-DL-Ala-COOOQ-C^-CFs (P0») 

Bz-DIMrg-CX>OEt 
10 Bz-DL-Lys-COOEt 

Z-Ala-DL-AIa-OOOEt 

Z-Ala-DL-Ala-aX}Bzl 

Z-Ala-DL>Ala-COOnBu 

MeO-Suc-Ala-DL.Ala-CX)OMe 
15 Z-Leu-Nva-COOEt 

2:-Leu-Nle-COOBt 

Z-Leu-Phe-CX>OEt 

Z-Leu-Abu-COOEt 

2^Leu-Met-COOEt 
20 Z-Phe-DL-Phe^OOEt 

H-G]y-DL-Lys-COOEt 
H-Ala-DL-Lys-COOEt 
H-Pro-DL-Lys-COOEt 
H-Phe-DL-Lys-COOEt 
25 Z-Ala-Ala-DL-Ala-COOEt 

Z-Ala-Pro-DL-Ala-COOEt 
Z-Ala-Ala-DL-Abu-COOEt 
Z>AIa-AIa-DL-Abu-COOBd 
Z-AIa-AIa-DL-Abu-COOCH2-C^-CF3 (P"*) 
30 MeO-Suc-Val-Pro-DL-Phe-COOMe 

H-Leu-Ala-DL-Lys-COOEt 
Z-AIa-Ala-Ala-DL-Ala-COOEt 
MeO-SuoAla-Ala-Pro-DLAbu-COOMe. 
2>Leu-Phe-OOOEt 
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FhCO-Abu-OOOEt 

(CH3)2C3I(CH2)2CX)-Abu<XX)Et 

CH3CH2CH)2CHCO-Abu4:OOEt 

Ph(CH2)iOO.Abu.COOEt 
S Z.Leu-4^Fhe^OEt 

Z-Leu-Leu-Abo-COOBt 

Z-Leu-Leo-Fhe-COOBt 

2-NapS02-Lett>Abii^0Et 

2>NapS02-LeiKLeii-Abtt<X>OEt 
10 Z-Leu-NLeu-GO^ 

Z-Leu-Phe-COjBu 

Z-L6ihAba-002Bu 

Z^Leu-Phe-COjBzl 

Z-Leu-Abtt-00^ 
15 Wehavefoimdcertamsubdasswofl^tideKetoacW 

usefiil whea used in acsordance with the present invention. These are subclasses are the 
Dipqitide B-Ketoadds (Subdass A), theDipeptide a-Ketoacids (SubdassB), theTWpeptide 
a-Ketoadds, the Tetrapeptide a-Ketoadds and the Amino Add peptide o-Ketoadds. AH 
of these are considered to be within Ae dass of Pqitide Keto-CJompounds. 
20 iheDipqrtidearKetoadds (Subdass A) are compounds of the structure: 

Mi-AA-NH-CHRyCO-CO-OH 

or a phainiaceutica% acceptable salt, wherdn 

MiiepresentsH,NH2<X>,NH2^,NH2^02^X-NH-CO.,X^-00.,X-NH^-. 

XjN-CS-, X-NH-SOj., X^^2-. X-CCH X^. X-SOj-, X-O-CX)-, or X-O-CS-; 

25 X is selected ftom the group oondsting of C^.^^ aUgd, Ci.io flneroalkyi, C^q allqi 

substitutedwith J, q.iofluoroall9l8ub8titutedwith J, l-adman^ 9.fluorenyl. phenyl, phenjd 
substituted wth K, phenyl disubstituted with phenyl ttisubstituted with K, naphthyl, 
naphthyl snbstiluted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K. 
allyl with an attadied phenyl group, q.^ allgrl with two attached phenyl groups, q.^ 

30 alkyl with an attadied phenyl group substituted with K, q.^ allgdwith two attadied phenyl 
groups substituted with K, Clio aDq* with an attadiedpheno^ group, and q.io alkyl with 
an attadied pheno^ group substituted with K (m the phenoqr groq); 
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J is selected from the group consistiiig of halogen. COOH, OH, CN, NOj. NHj, q. 
10 alkragr, q.„ aUgrhunine, C^jj diallgdamme, aUgrl-O-CX)-, q^j^ all^-O-CXJ-NH-, 
and Cj^jQ aU^l-S-; 

K is selected from the group consisting of halogen, alkyl, C^.j^ perffluoroallgrl, 
q.ioaIk0xy,NO2, CN, OH, 002H,amino^ q.ioallgaaniino, C2.i2diaIlgdamino, q-q^ aqrl, 
and q.„ aikmgr-00-, and q.io aD^-S-; 

AA is a side chain blocted m unhlodced amino acid with the L con^goration, D 
configuration, or no diiraliQr at the a>c8ibon selected from the groiq> consisting of alanine, 
valine, leucine, isdeudne, proline, methionine, methionine sulfoxide, pheiqrlalanine. 
tiyptophan, glydne, soine, threonine, cysteine, tyrosine, aq)aragine, glutamine, aspartic add, 
ghitamic add, lysine, arginine, histidine, phoqil^^^ctne, beta-alanine, norleudne. norvaline, 
a^ha-aminobutyric add, qisilon-animocapraic add, dtrulline, hydroo^proline, ornithine, 
homoarginine, sarcosine, indoline 2-carbaxylic add, l-azetidinecaiboo^lic add, p^ecolinic 
acid (2-pipeiidine carboxylie add), O-metlqdserine, aethylserine, S-methylcysteine, S- 
ethylcysteine, S-benQrlcystdne. NH2-CaH(CBjCHEt2H30OH, a]pha-ammohq)tanoic add, 
NH2-CH(CH2.1.napthyl)-OOOH, NH2-CH(CH2.2-napthyl).C»OH, NHj-CHCCBi- 
cydohexyl)-COOH, NHj-CHCCHa-cydopentyl^COOH, NI^.Cai(CH2-cyclobutyl).CX)OH, 
NI^-CH(C%<ydapraiiyl>GOO^ ttifluordeudn^ and hexafluoroleudne; 

R2 represents q^ branched and unbrandied allcyl, q^ branched and unbrandied 
(ydized allgd, or q^ branched and unbranched fluoroalkyL 

The D^^tide a-Ketoadds (Subclass B) are compounds of the structure: 
Mj-AAj-AAi-CO-OH 
or a pharmaceutical^ acceptable salt, wherein 

Mj represents H, NH2-CO-, NHj-CS-, NHj-SOj-, X-NH-CO-, K^jCO-, X-NH-CS-, 
XjN-CS-, X-NH-SO2-, X2N-SO2-, X-CO-, X-CS-, X^Oj-, X-0-CX>., or X-O-CS-; 

X is selected from the group consisting of q,iQ aUgfl, q.^ fluoroalkyl, q.io Okyl 
substituted with J, q.j^ fluoroallqrl substituted with J, 1-admantyl, 9-fluorenyI, pheiqrl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, nq>hthyl trisubstituted with K, 
q.io allqrl with an attadied ph^l group, q.j^ alkyl with two attached phenyl gconps, q.j^ 
allgd with an attached phenyl group substituted with K, and q.^ all^l with two attached 
phenyl groups substituted with K, q.jQ alkyl with an attached phenoa^ group, and q.^ allgrl 
with an attadied phenaxy group substituted with K on the phenoxy group; 
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J is selected from the group consisting of halogen, CO OH, OH, CN, NO2, NE^ C^. 
10 alkoggr, q.io alkylamine, C^j2 dialkylamine, q.^© alkyl-O-OO-, q.io alkyl-O-CO-NH-, 
and Ci,i0 allgfl-S-; 

K is selected from the group consisting of halog^ C^.^q Pi-io peifluoioalkyl, f 
5 C1.10 alloHq^ NO2, CN, OH, CO2H. amino, q.jo aB^Jamino, C^^ii diallgdamino, q-C^o acyl, 

and q.iQ alko!39*CO-, and q.jo alM-Ss ' 

AA^ is a side chain Uocted or unblodced amino add with the L configuration, D 
configuration, or no chirali^ at the a-carbon selected from the group consisting of alanme, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 

10 tryptophan, serine, threonine, cysteine, tyrosine, asparagbe, ^tamine, aspartic acid, 
^utamic add, fysine, arginine, histidine, phenylgiydne, beta-alanine, norleudne, norvaline, 
alpha-aminobutyric add, qisilon-aminoc^oic acdd, dtrulline, IgrdrosyproUne, ornithine, 
homoarginine, sarcosin^ indoline 2-carba97lic add, 2-azetidinecarba^lic acid, pipecolinic 
add (2-p^>eridine carbo)^ add), O-metl^lserine, O-ethylserine, S-methylcysteine, S- 

15 ethylcysteine, S-ben^kysteine, NH^-CH(C%CHE^-COO:^ alpha-aminohq)tanoic add, 
NH2.CH(CH2-l-napthyl).COOH, NH2-CH(CH2-2-napthyl).COOH, NH^-CHCCHi- 
<ydohe]yl)-COOH, N%CH(CBi-<ydopiBnqd)-COOH, NB^<3I(CH2-^<^^"^l)-COOH, 
NH2-CH(CH2-<7dopropyl)-CX>OH, trifluoroleudne, and hexafiuoroleudne; 

AA2 is a side chain Uodced or unUodced amino add with the L configuration, D 

20 configuration, or no diiralily at the a-carbon sdected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic acid, tysine, ar^nine, histidine, phenyl^ydne, beta-alanine, norleucine, norvaline, 
alpha-aminobutytic add, epsilon-aminocaproic add, dtrulline, hydro^roline, ornithine, 

25 homoarginine, sarcosine, indoline 2-carbo)grlic add, 2-azetidinecarbo^lic add, pipecolinic 
acid (2-p^»idine carbo^^lic add), O-methylserine, O-ethylserine, S-methjdcysteine, S- 
ethylc^steine, S-benqrIcysteine, NH2-CH(CI^CHEt2)-COOH alpha-aminoheptanoic acid, 
NH2-CH(CH2-l-napthyI).COOH, NH2-CH(CH2-2.napthyl).COOH, NH2-CH(CH2- 
<ydohe:^l)-COOH, NB2-CH(CH2-cydopentyl)-COOH, NH2-CH(CH2-cydobutyl)-COOH, , 

30 NH2-C3I(CH2<ycicpropyl)-CX)OH, trifluoroleudne, and hexafluoroleucine. 

The Tripeptide a-Ketoadds are compounds of the structure: ^ 
Mi-AA-AA-AA-CO-OH 
or a pharmaceuticaQy accqitahle salt, wh^ein 
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MirepreseatsH,N%CO.,N%CS-,NH2-S02.,X-NH-Ca,X^.CO-,X-NH-CS-, 
X^-CS-, X-NH.SO2-, X^^Oy, X-CO-, X-CS-, X-SO2-, X-O-CO-, or X-O-CS-; 

X is selected from the group oonsistiiig of 0^,^^ aDgrl, C^^jj^ fluoroalksil, ^.^o all^ 
substituted with J, ^.i^fluoroalkyisubstitutedwith J, l-admantyl, 9-fiuoreny], phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phengd tcisubstituted with K, naphthyl, 
naphdqi substituted with K, naphthyl disubstituted with K, naphtl^ tiisubstitttted with K, 
^■10 >^ ^ w attadied phenyl group, €^.10 all^l wiA two attached phenyl groups, C^^^q 
aSkyl with an attadied phenyl group substituted with K, and C^.^^ allgd widi two attadied 
phenyl groups substituted with K, alkyl with an attached phsacasy group, and ^.^g alkyl 
with an attached idiencogr groiqi substituted wiA K on the phenoggr groiq}; 

J is selected from the group consisting of halogen, OOOH, OH. CNT, Npj, NHj, C^. 
10 "Ikoxy, Clio allqrlamine, Cj.12 diallgrlamine, C^o alkyl-O.C»., q.j^ alkyl-O-OO-NH-, 
and C^.^Q all^l-S-; 

K is selected from tiie groiqi consisting of halogen, C^.^q allgd, C^^^q peifluoroalkyl, 
q.io alkoxy, NOj, CN, OH, CXJjH, amino, allgdamino, €2.12 diallgiamino, Cj-qo "yl. 
and Cj.iQ alko^-CO-, and C^.^q all^-S-; 

AA is a side diain blocked or unblocked amino add with the L configuration, D 
configuration, or no diirality at the a-catbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phoiylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, a^aragine, glutamine, aspartic add, 
glutamic add, lysine, arginine, histidine, phenylgj^dne, beta-alanine, norleudne, norvaline, 
alpha-aminobuQrric add, epsilon>aminocaproic add, dtruUine, hydroj^roline, ornithine, 
homoarginine, sarcosine, indoline 2-carfaog7lic add, 2-azetidinecarboi^lic add, pqiecolinic 
add (2>p^eridine carbo^dic add), O-methylserine, O-ethylserine, S-methyicysteine, S- 
ediylcysteine, S-benzylcysteine, NH2-C3i(CH2CHEt2)-COOH, alpha-aminohq)tanoic add, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
<ydohexyl)-COOH, NH2-CH(CH2.cydopentyl)-COOH, NH^-CHCCHj-cydobutyl^COOH, 
NI^-CH(C3l2-<ydopropyl)-COOH, trifluoroleudne, and hexafluoroleucine. 

The Tetrapeptide a-Ketoadds are compounds of the structure: 
Mi-AA-AA-AA-AA-CO-OH 
or a pharmaceutical^ aocq)taUe salt, whorein 

Mj represents H,NH2-C0-, NH2-CS-,NH2-S02-, X-NH-CO-, X2N.CO-,X-NH-CS-, 
XjN-CS-, X-NH-SO2-, X2N-SO2-, Yj-CO-, X-CS-, X-SO2-, X-0-CO-, or X-0-CS-; 
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Xis selected from the groip consistiQg of C^.^q alfgrl, C^.io Auoroallgd, C^.^q 
substituted with J, C^.iofluotoal^siibstitutedwtt^ l-admaiityl,9-fluorei9l,pheiq^l,phei7l 
substituted with K» ph^qd disubstituted with X; pheigd tzisubstituted with naphtfayl, 
naphth^ substituted with K, iiiq>hthyl disubstituted with K, n^hihyl trisubstituted with K, 
5 C^.^o allQil with an attached phenyl group, C^.^g allgd with two attached phenyl groups, C^.^q 
alkylwith an attached phei^l group substituted with and C^j^q alkylwith two attadied 
phmylgroiqis substituted widiK C^.10 alkyl with an attadied phenoQ^gro 
with an attached phenco^ group substituted with K on the phenoxy group; 

Y| is selected from the group consisting of C^^q ^-lo Auoroall^ C^.|o alkyi 
10 substituted with J, Ci.]0ftioroallgrlsubstitutedwi^ l-admantyl,9-fluorei]yl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, ph^ trisubstituted with K, naphthyl, 
naphthyl substituted with naphthyl disubstituted with K, naphthyl trisubstituted with K, 
C^.io al^l ^ attached phenyl group, Cj^^q alkyl with two attached phenyl groups, C^.^q 
allgd with an attached phenyl group substituted with K, and C^.^g alkylwith two attadied 
IS phenyl groups substituted with K; 

J is selected from the group condsting of halogen, OOOH, OH, CN, NO2, NHj^ C^. 
10 alk<»y/Ci.lO all^iamine, diaDgdamine, C^.^q aOc^l-O-CX)-, C^^^q all^l-O-CO-NH-, 
and C^.^Q al^l-S-; 

K is sdected from the group consisting of halogen, C^.^q allgd, perfluoroalfyl, 
^-10 alkcQ^, N02^ CN, OB^ CO2H, amino, C^,^ aUgdamino, C2.12 dial^damino, C^-C^o aqd, 
and C^.^o aIkc»gr-CO-, and C^.^q all^l-S-; 

AA is a side chain Mocked or unblocked amino acid with the L configuration, D 
configuration, or no diirality at the a-cacbon selected from the group consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine suKoxide, phenylalanine, 

25 tiyptophan, glycine, serine^ threonme, cysteine, tyrosine, aaparagine, g^utamine, aspartic acid, 
glutamic add, fysine, arginine, histidine, phenylglt^cine, beta-alanine, norleudne, noivaline, 
alpha-aminobutyric add, q>siion-aininocaproic add, dtruUine, hydrox^roline, ornithine, 
homoarginine, sarcosine, indoline l-caiboi^lic add, l-azetidinecarbcg^lic add, pipecolinic 
add (2-pq)eridine caiboo^lb acicQ, O-metbylserine, O-ethylserine, S-methylcysteine, S- 

30 ethjdcysteine, S-bena^kystdn^ NH2-CH(C^CHEt2)-OOOH, aIpha-aminohq)tanoic add, 
NH2-CH(CH2-l-napthyl).COOH, NH2-CH(CaH2-2-napthyl)-COOH, NH2-CH(CH2- 
cydohejqrl).OOOH, NH2-CH(C%<yclq)entyl).OT NH2.CH(CH2-cydobutyl)-CX)OH, 
NI^-CH(C3BI[^-Gydoprop^)-COOH, tnfiuoroleudne, and hexafluoroleudne. 

The Amino Add Pqitide a-Ketoadds are confounds of the structure: 
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Mi-AA-CX)-OH 
or a phannaoeuticalljr aooqitaUe salt, wherein 

MirepresentsH,NH2<X).,N^-CS.,NH2-S02-,X.NH-a)-,X^.CO-,X.NH 
XjN-CS-, X-NH-SOj-, XjN^y* Yj-CO-, X-CS-, X-SO2-, X-O-CO-, or X-0-CS-; 

X is sdected from tlie group consisting of aOyl, C^.j^ fluoroallgd, C^n, alliyl 
substituted with J, q.|ofluoroallgd8ub8titutedwith J, l-admantyl, 9-fluoteny], phenyl, phenyl 
substituted with K, phenyl disubstituted with K, pheogd trisubstituted with K, naphthyl, 
naphth]d substituted with K, nqihfliyl disubsdtuted with K, mqphtl^l trisubstituted with K, 
^-10 ^ ^ » attached phenyl group, q.jo allgd with two attached phenyl groups, q.^g 
allqrl with an attached phenyl groiqi substituted with K, and C^.^^ all^ with two attached 
phenyl groups substituted with K, Cj^q ^ an attached phenoiy group, and Cj^^q all^l 
with an attadied phenooi^ groiqi substituted with K on the phenoxy group; 

Y2 is selected from the group consisting of q.„ allgrl, q.^o fluoroallqd. q.^ allcyl 
substituted with J. C^.^g fluoroaO^l substituted with J, l-admantyl, 9-ihiorei^l, phrayl 
substituted with K, phoiyl disubstituted with K, pheiqrl trisubstituted with K, naphtiqrl, 
napbthyl substituted with K, naphthji disubstituted with K, naphthyl trisubstituted with K. 
Ci.io siSkyl with an attached phenyl group, C^io al^l with two attached pheigrl groups, C^^jj^ 
alltyl with an attached phen)d group sidistituted with K, and C^.io allcyl with two attached 
phenyl groups substituted with K; 

J is selected from the group consisting of halogen, COOH, OH, CN, NOj, q. 
10 alkoxy, q.^, alkylamine, C^.^ diallgrlamine, ^.jq alkjd-O-CO-, q.i^ alkyl-O-CO-NH-, 
and Cj.io alltyl-S-; 

K is sdected from the groi^ consisting of halogen, Cj.jq alltyl, Cj^jq perfluoroalkyl, 
q.io alkojty, NOj, CN, OH, CO^H, amino, q.^ alkylamino, C^jj dialkykmino, q-q^ acyl, 
and q.io alkoxy-CO-, and q.jQ alltyl-S-; 

AA. is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phoiylalanine, 
tryptophan, gjlydne, serine, threonine, cysteine, tyrosine, asparagine, ^utamine, aq)artic add, 
glutamic add, lysine, arginine, histidine, phenylglydne, beta-aknine, norleudne, norvaline, 
alpha-aminobutyric add, epsilon^minocqiroic add, dtrulline, hydrootyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic add, 2-azetidinecarboa^c add, p^ecolinic 
add (2-piperidine carbojtylic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 
ethylqrsteine, S-benzylcystdne, NI^-CH(CH2CHE^CX)OH, a4)ha-aminoheptanoic add. 
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NH2-CH(CH2-l-napthyl).COOH, NH2-CH(CH2-2.napthyl)-COOH, NH2-CH(CH2- 
cydohejiyl)-COOH, NH2-CH(CH2-cydopeiityl).C»OH NH2-CH(CH2-cyclobutyl)-COOH, 
NH2-CH(CH2-<7clopropyl>COOI^ tiifluoroleudne, and hexaftuoroleucme* 

Hie foflowing Peptide Ketoacid compounds are rqiresentative of the Fqptide Keto* - 
5 Compounds found to be usefid as CaJ^ain inhibitors within the context of the present 
invention: 

Bz-DL-Ly5-CX)OH 
B^DL-Ala-COOH 
Z-Leu-Fhe-OOOH 
10 Z-Leu-Abu-COOH. 

Hie peptide a-ketoamides are transition state analogue inhibitors for cysteine 
proteases, such as Calpaut We have found that Pqitide a*ketoamides containing amino 
add residues with hydrophobic side diains at the site are excelient inhibitors of several 
cysteine proteases induding calpain I and calpain IL 
15 We have found five subdasses of the peptide ketoamides to be particularly effective 

in inhibiting Calpain. These subdasses are leimed to herdn as D^qitide a-Ketoamides 
(Subclass A), Dipeptide a-Ketoamides (Subdass B), Trqseptide a-Ketoamides, Tetrapeptide 
a-Ketoamides and Amino Add a-Ketoamides. All oftfaese subdasses are considered herein 
to be within the dass of Pqstide Keto-Compounds. 
20 Hie Dipeptide a-Ketoamides (Subdass A) have the following structural formula: 

M^-AA-NH-CHR2-CO-CO-NR3R4 
or a pharmaceutically acceptable salt, vdiorein 

Ml represents H,NH2-CO.,NH2-CS-,N^.S02^X-NH-CO-,S^ 
X2N-CS-, X-NH-SO2-, XjN-S02-, X-00-, X-CS-, X-SO2-, X-aCO-, or X-O-CS-; 
25 X is selected from the group consisting of C^.^q ^-10 Auoroalkyl, C^.^q allgrl 

substituted with J, C|.iQfhioroall7l substituted with J, 1-admantyl, 9-fhio 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with naphthyl disubstituted with K, naphthyl trisubstituted with K, 
C^.^o alkyl with an attached phenyl groiqi, Ci^^q alkyl with two attached phenyl groups, C^.^q « 
30 alkyl with an attadied phenyl group substituted with K, C^.^q attadied phenyl 

groups substituted with C^.^q all^l with an attadied phenoar^ group, and C^.^o all^l with 
an attached pheno?^ group substituted with K on the pheno}^ group; 
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J is selected from the group consisting of halogen, COOH, OH, CN, NOj, NH^ Ci. 
10 alkoxy, q.^^ alkylamine, Cjrll dialkylamine, q.^^ alkylO-CX)-, q.^o alkyl-O^-NH-, 
and 0^.10 allc^-S-; 

K is selected from the group consisting of halogen, C^.^q allgd, C^.j^o perfluoroall^ 
q.io aU«»y, NO2, CN, OH, CO^ amino, q.jo aHgtomino, C^^j dialkylamino, q-C^o acyl, 
q^Q alko}7*CX>, and q.^Q all^-S-; 

AA is a side diain blocked or unblocked amino add iKoth the L configuration, D 
configuration, or no durality at the a-caibon selected from the groiqi consisting of alanine, 
valine, leucine^ isdeudne, prolinei methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, gjlutamine, aspartic add, 
^utamic add, ^^e, arginine, histidine, phenyle^ine, beta-alanine, norleudne, norvaline, 
a-aminobutyric add, qisilon-aminocaproic add, dtruUine, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic add, l-azetidinecarboj^lic acid, pq^ecolinic 
add (2-p5>eridine carbojcylic add), O-metfaylserine, O^etlqrlserine, S-methylcysteine, S- 
ethylcysteine,S-ben:^kysteine,NI^<S(CH2CHEt2)-^ a-aminoheptanoicadd,NI^- 
CH(CH2-l-napthyl>COOH, NH2-CH(CH2-2-napthyl).COOH, NHj-GHCCHj-cydohexyl)- 
COOH, NH2-CH(CH2-cydopentyl).COOH, NH2-CH(CH2<ydobutyl)-COOH, NH^- 
CH(CH2-cydopropyl)-COOH, trifluoroleudne, and hexafluoroleudne; 

R2 is sdected from the group consisting of q^ branched and unbranched alkyl, q^ 
branched and unbranched cydized all^l, and q^ branched and unbranched fiuoroallgil; 

R3 and R4 are selected independratly from the group consisting of H q.20 alkyl, 
q.2o cydized allgrl, q_2o allgrl with a phrayl group attach ed to the q.jo attyl, C^^^o <ydized 
alkyl with an attached phenyl group, q.20 alkyl with an attadied phenyl group substituted 
with K, q.2o alkyl with an attadied phenyl groip disubstituted with K, q.20 alkyl with an 
attadied phenyl group trisubstituted with K, q.20 cydized alkyl with an attached phenyl 
group substituted with K, q.^^ alkyl with a morpholine [-NCCajjCHj)©] ring attached 
through nitrogen to the allq^l, q.^^, allqrl with a pqieridine ring attached throug|i nitrogen 
to the alkyl, q.^Q allqrl with a pyrrolidine ring attached through nitrogen to the aliyl, q_2o 
alkyl with an OH group atuched to the alkyl, -CH2CH2OCH2CH2OH, q.^^ with an 
attached 4-pyridyl group, q.j^ with an attached 3-pyridyl group, q.^Q with an attached 2- 
pyridyl group, q.^o^* an attached cydohcayl group, -NH-C2^CH2-(4-hy 
-NH.CH2CH2-(3-indQlyl). 

Hie Dqjeptide a-Ketoamides (Subclass B) have the following structural formula: 
Mj^*AA2-AAi-CO-NR3R4 
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or a phannacettticalfy aooeptalde salt, herein 

represents H» NH^^^X)-, NH^'^* NH2-SO2-, X-NH-GO-, X^*CX>-, X-NH-CS-, 
X2N-CS-, X-NH-SO2-, X2N-SO2-, X-CX).. X-CS-, X^02-, X-O-CX)., or X-O-CS-; 

X Is sdected from the group consisting of C^.^q sSkyi C^.^q fluoroallgd, C^.^q allc^l ■ 
5 substituted with J, C^.^Qfhioroall^substituled with J, 1-adman^ 9-fluorenyl, phenyl, phenyl 
substituted with phenyl disubstituted with K, phenyl tdsubstituted with K, naphthyl, 
nq)hthyl substituted with naphthyl disubstituted with X, naphthyl trisubstituted with K, 
C].^ allgrl with an attached phenyl group, C^.^q all^ with two attadied ph^l groups, C^^iq 
allgd with an attadied phrayl group substituted with K; C^.^q aOgfi with two attached phenyl 
10 groups substituted wiA C^j^q sSkyL with an attached phenoxy group, and C^.^q 
an attached phmo^ group substituted with K on the phenQ3gr group; 

J is selected from the group consisting of halogen, COOH, OH, CN, N02^ NH2, C^. 
^0 alkojQr, C^^iQ all^lamine, CjpU diall^lamine, C^.^q alt^-O-CX)-, C^.^q allcyl-O-CO-MH-, 
and C^.j^Q all^l-S-; 

15 K is selected from the group consisting of halogen, C^.^q aD^I, C^.^g perfluoroalkyl, 

sikaxy, NO2, CN, OH, CO^ aminci, Ci^.^^ allgdamino, Cj-iz dialkylamino, Ci-C^o 
and C^.^o alkoqr-CO-, and C^^^O aOcyI*S-: 

AA^ is a side chain blocked or unblocked amino acid widi the L configuration, D 
configuration, or no chirality at die a-caifoon selected from the group consisting of alanine, 

20 valine, leucine isdeudne, proline, methionine, methionine sulfooide, pheiqdalanine, 
tryptophan, serine, threonine, cyst^e, tyrosine, asparagine, ^utamine, aspartic add, 
glutamic add, lysine, arginine, histidin^ phei^gj^cine, beta-alanine, noileucine, norvaline, 
nc-aminobu^c add, qisilon-aminocqiroic add, dtrulline, hydro^roline^ ornithine, 
homoarginine, sarcosine, indcdine 2pcarfao37lic add, l-azetidinecaifaoj^lic add, pipecolinic 

25 add (2-piperidine caiboxylic add), O-metfaylserine, O-etl^lserine, S-methylcysteine, S- 
ethylcTsteme, S-benzylcysteine,NE^-CH(CH2CHBt2)^ a-aminohq}tanoicadd,NH2- 
CH(CH2-l-napthyl)-COOH, NH2-CH(C3^-2-napthyl)-COOH, NH2-CH(CEl2-<ydohejQrl)- 
CXJOH, NH2-CH(CH2<yckipentyi>CXX)£t NH2-CH(CH2'^^°^"^^)*^0^ 
CH(CEl2-Gydopropyi)-COOH, trifluoroleudne, and hexafluoroleucine; « 

30 AA2 is a side chain blocked or unUodced amino add with the L configuration, D 

configuration, or no diirality at die a-catbon selected from the group consisting of alanine, 
valine, leucine, isoleudne, proline^ methionine, methionine sulfoxide, phenylalanine, 
tryptophan, ^dne, serine, threonine, cysteine, tyrosine, aq>araguie, ^tamine, aspartic add, 
glutamic add, fysine, argmine, histidine, phei^l^ydne, beta-alanine, norleudne, norvaline, 
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a-aninobutjfiic add, epsflon-ttninoeaproic add, dtrulline, hydroayproline, ornithine, 
iiomoarginine, saicosine, indoUne TrcaAaopfHe add, 2-azetidinecarbcnylic add, pqiecdink 
add (2-piperidine caibo^ add), O-methylserine, O^tfaylserine, S-metlqdcTstdne, S- 
ethylq«tdne,S.benjyky8tdne,NH2<:H(C^CHEt2)-0^ a-aniinoheptanoicadd,NH2- 
CH(CH2-l.naptliyl)<XX)H, NH2-Cai(C3H^2.naptliyl).COOH, NHIyCH(CI^<ydDheagrl). 
COOH, NH2:CH(C3aj-cydopenlyi).000^ NHj-CHCCHaKgwtobutyl^COOH, NE^- 
C3I(CEl2<ydaproi]yl).CCX)H, triflnoraleudne, and hegafluordeudne; 

R3 and R4 are sdected indqiendemfy from the group consisting of H, alkyl, 
Ci.2o cydized allgd, alfyl with a phenyl grotqi attadied to the Cj^ aUgd, C^^jq c^dized 
alkyl with an attadied phenyl group, q.20 alkyl with an attadied phei^l group substituted 
with K, q.2o alkyl with an attadied phenyl group disubstituted with K, aOyl with an 
attadied phenyl group trisubstituted with K, iodized allgi with an attadied phenyl 
group substituted with K, Cj.jo ali^l with a moipholine [-NCCaijCajj)©] ting attadied 
through nitrogen to the alky], q.^g OkyL widi a pipeddine ring attadied through nitrogen 
to the allcyl, q.io alkyl with a pyrrolidine ring attadied through nitrogen to the aSkyl q^ 
alkyl witii an OH group attadied to the aikyl, -CnJjCHjOCHjCHjOH, q.^ with an 
attadied 4-pyridyl group, q.,o with an attadied 3-pyridyl group, q.^ with an attadied 2- 
RTidyl group, q.j© with an attadied cyddieigd group, •NH-CHj^-C'^Mraxypl^oq^lX and 
-NH-C3l2CH2-(3.indolyl). 

The Tr^ieptide a-Ketoamides have the following structural formula: 
Mi-AA-AA-AA-CO-NR3El4 
or a pharmaceutical^ accqitable salt, wherein 

Ml representsH, NH2-CO., NHj-CS-, NHj-SOj-, X-mi-CO-, ^-CO-, X-NH-CS-, 
X2N-CS., X.NH-SO2-, X2N-SO2-. X-CX)., X-CS., X-SO2-, X-O.CX>-, or X-O-CS-; 

X is sdected from the group consisting of q.jj, alkyl, q.^^ fluoroalkjd, q.10 alkyl 
substituted with J, q.iofluoroalkylsubstituted with J, 1-admantyl, 9-fluorenyl, phoqd, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphtiiyl disubstituted with K, n^htiiyl trisubstituted with K, 
^1-10 an attadied phenyl group, q.jQ allqrl with two attached pho^ groups, q.jo 

allgrl witii an attached phenyl group substituted witii K, q.jo allqrl witii two attached phenyl 
groups substituted with K, q.j^ alkyl witii an attadied pheno^ group, and q.jQ allgd witii 
an attadied phoio^ groi^ substituted witii K on the phoiag^ group; 
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Tis selected from the group consisting of halogen, COOH, OH^ CN, NO2, NH2^ C^. 
alkoxy, q.^o alkylamine, €2^^ diall^laniine, q.^o alkyl-OCO-, q.^o aB^l-O-CO-NH-, 
and C^^iQ alkyl-Ss 

K is selected from the groi^ consisting of halo^n, ^.^o ^i.^o pecfluoroall^], 
5 q.io alkcxy, NO^ CN, OH, CO^ amino, q.io alk^amino, C^^j diallqrlamino, q-Cio acyl, 
and q.^o alhn^-CO*, and q.j^o allgfl-S-; 

AA is a side chain blocked or unblocked amino acid widi the L coniBguration, D 
configuration, or no chiraUtjr at the a-caibon sdected from die group consi^ 
valine, leucine, isoleudne, proline, methionine, methionine sulfoadde, phenylalanine, 

10 tryptophan, ^^ycine, s^ine, threonine, cysteine, tyrosine, asparagine, ghitamine, aqiartic acid, 
gi^ifafnif- add, ^^e, axginine, histidine, phenylgl^cine, beta-alanine, noileucine, norvaline, 
a-aminobu^c acid, qpsiion-aminoca^roic acid, dtrulline, l^dro^^roline, ornithine, 
homoargfaiine, sarcosine, indoline ^^arboo^Iic add, 2-azetidmecarbosyiic add, pipecolinic 
add (2-p9endtne carboiQdic add), O-methylserine, O-ethyls^e, S-metlQicysteine, S- 

15 ethylGysteine,S-ben23dcysteine,NEl2-CH(CS^ a-aminohq)tanoicadd,NH2- 
CH(Ca^-l.napthyl)-CX)OH. NI^^CB2-2-napthyI)<X)Oa N%CH(C%-cydoheyl)- 
COOH, N^.CH(CH2-<ydopen^0-OOOH, NHi-<H(CH2<5^ob«^l)-COOH, NH2- 
CH(CH2^doprop)fl>COOH, trifluoroleudne, and hexafluoroleiidne; 

R3 and R4 are selected independentlir from the group consisting of H, q.20 

20 q.20 cyci^zed allgrl, q.20 allgrlwith a phenyl group attadied to the q.20 ^-20 cydized 
all^l with an attadied phenyl group, q.20 allgd with an attadied phenyl group substituted 
withK, q.20 all^i^A ^ attadied phenyl group disubstituted with q.20 allgrlwith an 
attached phenyl group trisubsdtuted widi K, c^dized alkyl with an attadied phenyl 
group substituted with K, q^Q all^l with a moipholine l'N(CB2CH^O] ring attadied 

25 through nitrogen to the alkyl, q.^Q alkjd with a piperidine ring attadied throu^ nitrogen 
to die allgd, q.io alkyl with a pyrrolidine ring attadied throu^ nitrogen to the alkyl, q.20 
aDgd with an OH group attached to the allgrl, 'C3iJiMpCM2C:^OIl, q.^o with an 
attached 4-pyridyl group, q.^0 with an attached 3-pyridyl group, q.^Q with an attadied 2- 
pyridyl group, C^j^QvaAmamdied cydohej^lgroup, -NH-CB^CH2-(4-hydro3gfphenyl), and * 

30 -MH-CH2CH2*(3*indQtjd). 

Tlie Tetrapqitide a-Ketoamides have the following structural formula: « 
M1.AA-AA-AA-AA-CO.NB3R4 
or a pharmaceutical^ aocqptable salt, ^erem 
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Mirq>resentsH,NH2-CO^NH2<S-,NE!2-«02-,X-NH<X)-,^^ 
X2N<S., X-NH-SOj-, X^^Oj-, X-CO-, X-CS-, X-SOj-, X-0-00-, or X-O-CSs 

X is selected from the groiqi consisting of C^.^q all^ C^^^ fluoroalkyl, C^.^q all^l 
substituted with J, C^.]L0fluoroaI]7lsubstituted¥dth J» l-adman^ 9-fluorenyl, phenyl, phenyl 
S substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphtfayl substituted with K» naphth^ disubstituted with K, naphth^ trisubstituted with K, 
Cx.io ^ attached pheiqA ffoup, C^.^q allgfi with two attached phenyl groiqis, C^.^^ 

allgd with an attached phenyl group substituted with X; C^.^q alky! with two attadied phenyl 
groups substituted with K, C^.^q ^ attadied phenoa^ group, and C^^^q allg^l with 

10 an attached phenosy group substituted with K on the pheno:iy groip; 

J is selected from the group consisting of halogen, COOH, OH, Ca^, NOj^ NH2, C^. 
10 alkoxy, C^.^q alkylamine, C2.12 diaH^Ianiine, C^^q all^lO-CO-, C^.i© allgd-0-CX)-NH-, 
and C^.|0 alIgd*S-; 

K is selected from the group consisting of haio^n, C^.^q all^l, C^.^q peifluoroalkyl, 

15 Ci.iQ alkogr, NO2, CN, OH, COjH, amino, C^.^q alkylamino, C2.12 diallgrtamino, C^-C^q acyl, 
and C^.iQ alkoQcy-CO-, and C|.|q all^l-S-; 

AA^ is a side chain hlodced or unblocked amino add with the L configuration, D 
configuration, or no cfairali^ at the a-carbon sdected from the groip consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 

20 tryptophan, ^dne, serine, threonine, cysteine, tyrosine, aqiaragine, j^utamine, aspartic add, 
glutamic add, fysine, arginine, histidine, phenyl^ydne, beta-alanine, norleudne, norvaline, 
a-aminobutyric add, epsilon-aminocaproic add, dtrulline, hydroT^roline, ornithine, 
homoarginine, sarcosine, indoiine 2-carbo)iylic add, 2-azetidinecarbo3cylic add, pipecolinic 
add (2-piperidine carboxylic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 

25 ethylcysteine, S-ben2yl<ysteine,NH2-CH(CH2CHEt2)-COOH, a-aminoheptanoicadd,NH2- 
CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2.napthyl)-COOH, NH2-CH(CH2-cydohe!cyl)- 
COOH, NH2-^(^2-<yclopentyl)-COOH, NH2-CH(CH2-cydobutyl>CX)OH, NH2- 
CH(CH2-cydopropyl)-COOH, trifiuoroleudne, and hexafluoroleudne; 

R3 and R4 are sdected independently from the group consisting of H, C1.20 ^^^> 

30 C1.20 cydized alkyl, C^.jo ^ ^ phenyl group attached to the €^.20 ^1^70 cydized 
all^l with an attached phenyl group, €^.20 ^ attached phen)i group substituted 

with K, C^.20 ^^^^ ^ attached phenyl group , disubstituted with K, C^.20 ^ 
attached phenyl group trisubstituted with K, 0^.20 cydized allgd with an attached phenyl 
group substituted with K, C^.^q all^l with a morpholine [-N(CH2CH2)0] ring attached 
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thiougli nitrogen to the alkyl, C^.^q ^ pqiendine xing attached tbrou£|i nitrogen 

to the alkyi, C^.^g all^l with a pyrrofidine ring attached through nitrogen to the allgd, 
allgrl with an OH group attached to the allgd, -CH2CH2OCH2CH2OH, C^^^q with an 
attached 4-pyridyl group, C|^.^o with an attached 3-pyridyl group, C^.^q with an attadied 2- 
5 pyridyl group, C^.^q with an attached cyclQhe]gigroup, -NH-CH2CE^«(4*hydro}^henyl), and 
.NH-GHjCH^-CS-indolyi). 

The Amino Add a*Ketoamides have the following structural formula: 
Mi-AA-CaNR3R4 
or a pharmaceutically aooqitaUe salt, wfamin 

10 Mirq>resentsH,NI^*CX)-,NH2-CS.,rai2-S02^X-m*CO.,l^^ 

X^-CS-, X-NH-SO2-, 3yMI02-, X-CO-, X-CS-, X^Oj-, X.<KX)-, or X-O-CS-; 

X is selected from the group consisting of C^.^q alkyl, C^j^q fluoroall^l, C^^^q alkyl 
substituted with J, C^.^QfluoroaD^lsubstitutedwith J, 1-admanQd, 9-fhiorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with phenjd trisubstituted with K, naphtfayl, 

15 naphth]^ substituted with K naphfhjd disubstituted with K, naphthjd trisubstituted with K, 
Pi-lO ^ attached phei^l group, C^jiq aUkyl with two attached phei^ groups, C|.|q 

alkyl widi an attadied phmyl group substituted with K, C^j^q aQgd with two attached phei^l 
groups substituted with 1^ C^.^o ^'^^^ ™ attached phmoxy group, and €^.^0 alkyl with 
an attadied pheno:^ group substituted with K on the phenoxy group; 

20 J is selected from the group consisthig of halog^ COOE^ OI^ CN, NO21 NI^ C^. 

IQ aSkaxy, C^.^q aU^lamine, C^.^ diall^lamine, C^.^^ allgd-O-OO-, C^^^q allgd-O-CO-NH-, 
and C|.^Q alkyl-S-; 

K is sdected from.the group consisting of halogm, C^^g all^l, C^.^g perQuoroalk^ 
C^j^Q dSkaasy^ NO^ CN, OH, 00^ ammo, C|.^o alkylamino, C2.12 diall^lamino, C^-CyQ acyi 

25 and C^.^g alkoagr-CO-, and C|^.^q all^l-S-; 

AA is a side chain Uodced or unUodced amino add with the L configuration, D 
con^guration, or no durality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tiyptophan, glydne, serine, threonine, cysteine, tyrosme, asparagine, i^utamine, aq)artic add, « 

30 glutamic add, ^sine^ argmine, histidine, phenylg^dne, beta-alanine, norleudne, norvaline, 

ff-aminobutyric acid, q)silon-aminoc^roic add, dtrulline, hydroa^rolme, omiihine, ? 
homoarginine, sarcosine, indoline 2rcaiboQ7lic add, ^-azetidinecarbosylk add, pq)ecolinic 
add (2f>4)eridine carboxyiic add), O-metl^lserine, 0*etb^mne, S-methylcysteme, S- 
ethylcysteine,S-ben2ylGysteine,NH2-CH(CB^CHB^ a-aminohq)tanoicadd,NH2- 
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CH(CH2-l-napth]!l)-OOOH» NI]2^CH^^napthyI)^0H, NH2-CH(CH2<ydohexyl> 
COOH, NH2-CH(CH2<ydopeiityl)-COOH, NH2-CH(CH^K9dobutyl>OCX>H, NH^- 
CH(CXl2-cydq)ro(^)-00OI^ ttifluoraleudne^ and hexafiuoroleiicjne; 

R3 and R4 are selected indqpendentfy fircmi the group consisting of H, €1,20 "i^^ 
5 cydized all^ aUgrl^ith a (diogA groiq> attached to the C^.^^ eSkyl (^dized 

allgd ydAi an attadied phenyl groiq>, al^ with an attached phei^l group substituted 
widi X; C]^ allcyl with an attadied pbenyL group disubstituted with K, ^'^^ ^mAi an 
attadied phenyl group trisubstttuted with K, C|.2o ^clized all^l with an attached phenyl 
group substituted with K» C^.^q allcjd with a motpholine [-N(CH2CE]2)0] ring attached 

10 throu^ nitrogen to the alkyl, C^^g alkyl with a pq)eridine ring attadied through nitrogen 
to the alkyl, C^.^o alkyl with a pyrrolidine ring attadied througih nitrogen to the alkyl, 
allgrl with an OH group attadied to the all^l, -CH2CH20CH^CH20H» C^.j^q with an 
attadied 4-pyridyl group, C^.^o with an attadied 3-pyridyl group, C^.^q with an attadied 2- 
pyridyl group, C^.^o^^ ^ attadiedqrdohei^l group, -NH-CEl2GEI^*(4-hydro3^heiiyl), and 

15 -NH-CH2CH2-(3-indolyl). 

The Applicants are aware of onty a single pqstide ketoamide reported in the 
literature. This compound is Z-Phe-NHCE^CO-O^NH-Et (Z*Phe-Gfy<X^ The 
compound is rqiorted in Hu and Abdes \Arck Biodtent Biophys.. 281, 271-274 (1990)] to 
be an inhibitor of pqmin and cathepsin B. 

20 The following Peptide Ketoamide compounds are representative of the P^tide 

Keto-Compounds found to be usefiil as Calpain inhibitors within the context of the present 
invention: 

ZpLeu-Phe-CONH-Et 

2>Leu-Phe-CONH-nPr 
25 Z-Leu-Phe*OONEI-nBu 

Z-Leu-Phe-OONH-iBu 

Z-Leu-Phe-OOMH-Bzl 

Z-Leu-Phe-CX)NH-(CH2)2Ph 

Z-Leu-Abu-CX>NH-Et 
30 Z-Leu-Abu-CONH-nPr 

Z-Leu-Abu-CX)NH*nBu 

Z-Leu-Abu-CONH-iBu 

Z-Leu-Abu-OONH-Bzl 

Z-Leu-Abu.OONH-(CH2)2Ph 
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Z-Leu-Abu-CONH-(CH2)3-N(CH2CH2)20 
Z*I^i]^Abu-CONH-(CH2)7CH3 
ZrLeu-AbU'CONH-(CH^OH 
ZrLeu-Abu-00NH-(CH2)2O(CH2)2OH 
5 Z-Leu-Abu-OONH-(C3J2)i7CH3 

Z-Leu-Abu-CONH-a^-C5H3(OCH3)2 
Z-Leu-Abu-OONH.CH2-C4H4N 
Westudied the inhibitioii mechanism of thePq>ddeKeto-Compomidsinboth serine 
and thiol proteases. A ci3fstai structure of one a-ketoester bound into the active site of the 
10 serine protease^ poicme pancreatic dastase, has been con^)leted. The active site Ser-195 
03^en of the enzjmtie adds to the carbon^ group of the ketoester to form a tetrahedral 
intermediate whidi is stabiliased fay infractions with the m^yanion hole. This structure 
resembles the tetrahedral intmnediate involved in pq)tide bond hydrofysis and proves that 
a-ketoesters are transition-state analogs. Hb-57 is hydrogen bonded to the carbonyl group 
15 of the ester functional group, the pq>tide backbone on a section of the polypeptide 
backbone hydrogen bonds to the inhibitor to fonn a A-dieet, and the ben2yl est& is directed 
toward the S' subsites. The side diain of the Fl amino add residue is located in the SI 
pocket of the enzyme. Intmctions with ketoamides would be similar eascept that there is 
the possibility of forming an additional hydrogen bond with the NH group of the tetoamide 
20 functional group. 

In the case of ketoacids, there would be no R group to interact with the S' subsites. 
Threforey these inhibitors would be eoqiected to be slightly less potent than the ketoesters 
and tetoamides. However, uneq>ectedly, certain ketoadd conq>ounds have been found to 
have surprisingly h^ acthdty when used in the context of the present invention. In 
25 particular, ZpLeu-Fhe-COOH and Z*Leu-Abu-COOH have been found to be extreme^ 
potmt inhibitors of Calpains. 

The active site of cysteine proteases shares several features in common with serine 
proteases in^jtiding an active site histidine residue. In place of the Ser-195» cysteine 
proteases have an active site cysteine residue whidi would add to the ketonic carbonyl group 
30 of the peptide ketoadds, ketoesters, or ketoamides to form an adduct very similar to the 
structure described above except with a cysteine residue rq>ladng the serine-195 residue. 
Additional interactions would occur between the extended substrate binding site of the 
cysteine protease and the inhibitor that wouU increase the binding affinity and ^edfidty 
of the inhibitors. 
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Hie Peptide Keto-Goiq)ounds hind to the proteases inhibited thereby using many 
of the interactions that are found in complexes of a particular individual enzyme with its 
substrates, ii order to deagn an inhibitor for a particular cysteine protease, it is necessary 
to: 1) find the amino add sequences of good peptide substrates for that en^e, and 2) 
5 place those or sunilaramhio add sequences into a Peptide Keto^iimpound. This design 
strategy will also work when other classes of peptide inhibitors are used in phtce of the 
peptide substrate to gain information on the ^rapriate sequence to place in the Peptide 
Keto-Compound inhibitor. Thus, we are aUe to predict die structure of new inhibitors for 
other proteases based on knowledge of their substrate specificities. Once a good inhibitor 
structure for a particular en^e is found, it is then possible to change other characteristics 
such as sduWKly or hydrophoWdty by adding substituents to the M or R groups. 

In the case of C^lpain, a known inhibitor sequence is the pqjtide aldelqrde, 
Ac-Leu-Leu-Nle-H (also known as Calpain Inhibitor 1 and hereinafter designated as "Ql"). 
This inhibitor, in addition to a related peptide aldehyde inhibitor Ac-Leu-Leu-Nme-H (also 
15 known as Calpain Inhibitor IS) are commercially available firom Calbiochem of La JoUa, 
California. We have discovered that peptide a-ketoesters with aromatic amino add residues 
in PI are good inhibitors of the thiol proteases, cathepsin B, papain and Calpain. 
Additionally, we have discovered that peptide a-ketoester and peptide a-ketoamides with 
eitho- aromatic amino add resulues or smaD hydrophobic allgrl amino add residues at PI 
20 are good inhibitors of Calpain. 

Our discovery of Peptide Keto-Compounds efTective as Calpain Inhibitors was made 
through assay of the Peptide Keto-Compounds as revetsOile inhibitors. Various 
concentrations of inhibitors in dimethylsulfoxkie (DMSO) were added to the assay mixture, 
whidi contained buffer and substrate. The reaction was started by the adcfition of the 
25 en^e and the hydrolysis rates were foUowed spectrophotometzicaliy or fluorim^iicalfy. 
88 mM KH2PO4, 12 mM Na2HP04, 133 mM EDTA, 2.7 mM cysteine, pH 6.0 was used as 
a buffer for cathepsin B; and 20 mM Hepes, 10 mM Cadj, 10 mM B-mercq)toethanQ]. pH 
72 buffer was utilized for ca^ain I and ca^ain IL 

All p^tide thioester hydrofysis rates were measured with assay mixtures containing 
30 4.4'-dithiod5)yridine [e324 = 19800 M-lcm-1; Giasetti & Murray, Arch. Biochem. Biophys. 
119, pp 41-49 (1967)). Papain was assayed with Bz-Arg-AMC or Bz-Arg-NA [Kanaoka et 
al., Chem. Pharm. Bull 25, 3126-3128 (1977)], and the AMC (7.aniino^4.methykoumaiin) 
release was followed fluorimetrically (exdtation at 380 nm, and emission at 460 nm). 
Cathepsin B was assayed with ZAig-Aig-AFC [Barrett and Kitschke, Methods Emsymol. 
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SO, 535-561 (1981)], and the AFC (7-ammo-4-trifluorometfaylcoumarin) release was foliowed 
fluorimetiically (exdtation at 400 om, and anission at 505 nm). Ca^ain I from human 
erythrocytes and calpain n from rabbit were assayed usiiig Suo-Leu-Tyr-AMC [Sasaki et al^ 
J. BioL Chem. 259, 12489-12494 (1984), hereby mcoiporated by reference], and the AMC ' 
5 (7-aniino-4-methylcGimiartn)rdea8ewasfQU^ and 
emission at 460 nm). Enqmatic bydrofysis rates w»e measured at various substrate and 
inhibitor concentrations, and vahies w^e detemimed by Dixon pbt 

TaUe FKCl shows the Inhibition constants (K^ for papain, cathepsin B, caJ^ain I, 
and calpain IL 

10 The jnbihi'tion constants for papain shown in TaUe FKCl were measured in 0.05 M 

Itis-HCi, pH 7.5 buffer, containing 2mM EDTA, 5mM cysteine (freshJ^ prepared), 1% 
DMSO, at 25''C; udng N'-Benzoj^Arg-AMC as a substrate, acept that those vahies of 
inhibition constants for papain marked with an 'e' in Table FKCl were measured in 50 mM 
Tris-Ha pH 75 buffer, contaimng 20 mM EDIA, 5 mM c^teine, 9 % DMSO, at 25^ Q 

15 using N*-Benzoyi-Arg-NA as a substrate. 
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TABLE FECI 

Inhibitioii of Ortdne Proteni^ ^y 
Peptide Kgtoeatera and y«.tpfl^^-;|ff 



Compounds 



Ki(mM) 



Z-Leii-Abu<OOQEt 
Z-Leu-Fhe-CX)OEt 
Z>Leii-Nle-CX>OEt 



^P»Papain 'Cl-Ca^ain I 

^CB-CathqnmB ^sCalpainn 



CT 



0.04 
0.23 
0.12 







30 




Bz-DL-Phe-COOEt 


500* 


64 




Z>Phe-DL-Phe.COOEt 


1.8 


0.1 




ZrPhe-DL-Ala-COOEt 


3.6 


3.2 




Z-AIa-Ah-DL-Ala-COOEt 


1.5 


2.2 


200 


2:-Ala-AIa-DL-Abu-COOEt 


0.9 


10 


50 


Z>Ala>Ala-DI/>Abii-COOBzl 


30 


60 




Z-Ala-Ala-DL-Nva-COOEt 


30 


0.1 




Z-Ala-Pro-DL-Ala-COOEt 


26 


66 




MeO-Suo-Val-Pro-DL-Phe<XX>Me 


1.1 
2.9* 


0.1 




Z-Ala-Ala-Ala-D]>Ala-COOEt 


2.1 


10.0 




MeO-SucAla-Ala-Pro-Abu-COOMe 


0.7 


6.0 


100 



0.4 
0.4 
0.18 
1.2 



200 
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It can be seen from the data in TaUe FKCl that the dip^tide ketoestm with Abu, 
Fhe, or Nle in the Pi site and Leu in the £2 site are potent inhibitors of calpain I and 
ca^ainlL Trq)eptides with Abu or Ala in the PI site and Akin the F2 site are also seen 
to be inhibitors of Calpain» albeit somewhat weaker inhibitors than the dipeptides. Thus, 
5 in accordance with the foregoing desccQ)tion of the design of Peptide Keto-Compound 
inhibitors, we believe that Peptide Keto-Compounds based on these and similar structures 
will exhibit Ca^ain inhibitoiy actii%. 

The pqitide a-ketoestm are prepared by a two step Dakin-West procedure. This 
procedure can be utiloed with eidier amino add derivatives, dipqitide derivatives, trqieptide 
10 derivatives, or tetrapqitide derivatives as shown in the following sdieme: 

O 

II 

M.(AA)^.OH -> End Ester M<AAVCO-R. 
The precursor peptide ((AA)^,) can be prq)ared using standard peptide chemistiy 
15 procedures, including those that are wdl described in publications sudi as The Peptides, 
Analysis, Synthesis, Biology, Vol. 1-9, published in 1979-1987 by Academic Press (The 
Peptides") and Houben-Weyl Methoden der Organischen Oiemie, VoL 15, Parts 1 and 2, 
Synthese von Pqjtiden, published by Georg Thieme Verla& Stuttgart in 1974 ("Houben- 
Weyr) (both references hereby incorporated herein by reference). 
20 The M group can be introduced using a number of different reaction sdiemes. For 

example, it could be introduced direct^ on an amino add as shown in the following scheme: 

H-(AA)^-OH-> M-(AA)^.OH. 
Alternatively, the M group can be introduced by reaction with an amino acid ester, followed 
by removal of the ester group to give the same product, as shown in the following schone: 
25 H-(AA)^.OR* -> M-(AA)^.OR' -> M.(AA)^-OH. 

These and other techniques for introduction of the M group are well documented 
in the The Peptides, Houben-W^l, and mai^ other textbooks on organic syndesis. For 
example reaction with emanate or p-nitrophenyl cyanate would introduce a carbamyl group 
(M » NH2CO-). Reaction widi p-nitrophenyl thiocarbamate would introduce a thio 
30 carbamyl group (M = NB^CS-). Reaction with NED^S402C1 would introduce the NH2SO2- 
group. Reaction with a substituted aD^l or aiyl isoc^anate would introduce the X-NH-CO- 
group wfa^eX is a substituted alkyl or aiyl group. Reaction with a substituted allgd or aiyl 
isothiocyanate would introduce the X-NH-CS- group where X is a substituted allgrl or aiyl 
group. Reaction with X-S02-a would introduce the X-SO2- group. Reaction with a 
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substituted alkyi or aiyl add chloride would ktioto For 
example, reaction with MeO-0C>C^C3^<X)-a would give the Y-CO- group when Y is 
a C2 alkyl substituted with a CI aBgrl-OCX)- group. Reaction with a substituted all^ or aryl 
thioadd chloride would introduce a thioaqd group (M - Y-CS-). Reaction with an a 
substituted allgrl or aiyl sulfoiqrl chloride would introduce an X-S02. group. For example 
reaction with dansyl diloride would give theXSCM- derivative where Xwas a napthylgroup 
monosubstituted with a dimetlgflamino group. Reaction with a substituted allgrl or aiyi 
chloroformate would introduce a X-O-GO- group. Reaction with a substituted aOyl at aiyl 
dilorothiofonnate would introduce a X-0-CS-. Hiere are many alternate reaction schemes 
which could be used to introduce aU of the above M groups to ghre either M-AA-OH or 
M-AA-OR'. The M-AA-OH doivatives could thai be used direct^ in the Dakin-West 
reaction or could be converted into the dipeptides, tripeptides, and tetrapeptides 
M-AA-AA-OH, M-AA-AA-AA-OH. or M-AA-AA-AA-AA-OH wfaidi could be be used in 
the Dakm-West reaction. The substituted peptides M-AA-AA-OH, M-AA-AA-AA-OH. or 
M-AA-AA-AA-AA-OH could also be prepared directly from H-AA-AA-OH, 
H-AA-AA-AA-OH, or H-AA-AA-AA-AA-OH using the reactions described above for 
introduction of the M group. Alternately, the M group could be introduced by reaction with 
carbo^Iblodcedpq)tides M-AA-AA-OR', M-AA-AA-AA-OR', or M-AA-AA-AA-AA-OR', 
followed by the removal of the blocking group R'. 

The R group in the ketoester structures is introduced during the Dakin-West 
reaction by reaction with an oxalyl chloride Q-CO-CO-O-R. For example, reaction of 
M-AA-AA-OH with ethyl oxafyl chloride Q-CO-CO-O-Et gives the keto ester 

M-AA-AA-CO-O-Et Reaction ofM-AA-AA-AA-AA-OHwitha-CXD-CO-O-BdwouMghre 
the ketoester M-AA-AA-AA-AA-CX)-0-BzL Qeariy a wide variety of R groups can be 
25 introduced into the ketoester structure by reaction with various all^l or aiylall^ oxalyl 
dilorides (Q-CO-CO-O-R). 

The oxalyl chlorides are easily pr^ared by reaction of an alkyl or aryialkyl alcohol 
with oxalyl chloride Q-CO-CO-a For example, Bd-O-CO-CO-Q and n-Bu-O-CO-CO-Cl 
are prepared by reaction of benzyl alcohol and butanol, respectively, with oxalyl chloride in 
yidds of 50% and 80% [Warren. C. B., and Malee, R J, J. Ommatogn^ H 219-222 
(19^); incorporated herein by teSereace]. 

Ketoadds M-AA-CO-OH, M-AA-AA-CO-OH, M-AA-AA-AA-CO-OH, 
M-AA-AA-AA-AA-CO-OH. are general^ prepared from the corresponding ketoesters 
M-AA-CO-OR, M-AA-AA-CO-OR, M-AA-AA-AA-CO-OR, M-AA-AA-AA-AA-CO-OR 



20 



30 
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by alkaline hydrol^. In some cases, it may be necessary to use other methods such as 
hydrogenofysis of a benzyl group (R » Bzl) or add deavage (R » t-butyl) to obtain the 
ketoadd. Ihe alternate metho<b would be used when the M group was labile to alkaline 

f 

hydrolysis. 

5 The various pq>tide tetoamide subclasses ^-AA-NH-CHR2-CX>CO-NR3R4 

(Dipeptide &toamides (Subdass A)), M-AA-AA-CO-NR3R4 (D^eptide Ketoamides 
(SubdassB)),M-AA-AA-AA<X)-MR3R4(Trq)^ 

NR3R4 (tetrapq)tidetetoamides) and Mi-AA-CX>-NR3R4 (Amino Add Ketoamides)) were 
prepared indirect^ from the corresponding ketoesters. The tetonecarbonyi group was first 
10 protected as shown in the following scheme and then the ketoamide was prq)ared fay 
reaction with an amine H-NR3R4. The illustrated procedure should also work with oth^ 
protecting groups. 



15 



20 




25 In addition to the scheme outlined above* a ketoadd could be used as aprecursor 

to produce a corre^onding ketoamide. Blocking the ketone carbonyl group of the ketoadd 
and then coupUng with an amine H-NR3R4 usmg standard peptide coupling reagrats would 
yield an intermediate whidi could thai be deblocked to form the ketoamide. 

General Synthetic MeOtodsfor Pq^tide KeUhCawpounds 

30 Unless othi^wise noted, materials were obtained from conunerdal suppliers and 

used without fiirther purification. Mdting points were taken with a Bflcfai capillary 
apparatus and are uncorrected. ^HNMRqiectrawere determined on a Varian Gemini 300. 
Chemical diifis are eapressed in ppm (d) relative to internal tetramethyMane. Flash 
column diromatogr^fay was p^ormed with Universal Sdentific Inc. silica gd 0-63. 
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Electron-inqiact mass tpectra (MS) of novd oompoiinds were determined with a Vaiian 
MAT 112S apectrometer. The puri^ of all compounds was diedced by thin- layer 
diromatogn^hy on Baka Si2SCIF silica gd plates using the following stArent system: A, 
CHOjrMeOH - 20:1 v/v, B, CHC%:MeOH - 100:1 v/v; C, AcOEt; D, CHa3:MeOH = 
5 10:1 v/v, E, n-BuOHAcOH,iiy:H20 - 4:1:1:2 v/v, F, CHa3:MeOH - 5:1 v/v, G, 
AcOEt:MeOH - 10:1 v/v; H, (i'VT)p; I CaO^MsOHzAcOK » 80:10:5 v/v, J, 
CHC!3:MeOH:AcOH - 95:53 v/v; K, AcOEt:AcOH - 200:1 v/v; L, CHCI3; M, 
CHa3:MeOH - 50:1 v/v 

Amino add methyl ester faydrodilorules were piqiared according to M. Brenner et 
10 a^dv. Chem. Acta 33, 568 (1950); 36, 1109 (1953)] in a scale over 10 mmol or according 
to Rachde [T. Org. Chem. 28, 2898 (1963)] in a scale of 0.1-1.0 mmoL 



Yidd (%) mp (*C) m.p. (literature) 

DI^Nva-OCHjHCa. 100 113-116 116-117 

L-ne^CHsHO, 98 90-91 98-100 

15 L-Fhe-OCEI,-Ha, 98 159-161 158-160 

DLrAbu-OCH^'HO, 100 148-150 150-151 

L-Leu<>CH3Ha 100 1455-1463 147 

DLpNle-OCHj-Ha 93 120-121 122-123 

4-a.PheOCH3 Ha 98 184-185 (decomp.) 185-186 



N-Acylamino adds was synthesized via Sdiotten-Baumann reaction [M. Beigmann, 
L. Zervas, Otem. Ben 65, 1192 (1932)] in the case when the acyl group was pheir^u^honyl, 
2- naphtfaylsulphon^ or benzoyl 
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Yidd(%) mp(*C) TLC (R^ duent) 

2-NapSO2-L.Leu.OH 49 115-116 0381 

2.NapS02-DL'Abu.OH 51 150-151 0501 

2.NapS02-L-Phe-OH 57 148-1485 0.4SK 

5 PheS02-DLAbu*OH 44 142^143 051K 

FhOO-DLAbu-OH 64 141-142 0.64K 



N-Acykmino adds with 4-meftijd^entanoic; 2*(1- pn>pyl)peiitaiioic and 
7-pheny]hq)tanoic group was synthesized in a two step synthesis. The N-acylamino add 
methyl ester was obtained first and ihea was bfrdrolysed to the free N-acylamino add. 

10 N^AcylanmoAddMeeiylEslm(Gmena To a dulled (10 *C) slurry of 

the ^propriate amino add methyl est^ hydrodiloride (20 mmoi) in 100 ml benzene was 
added do^^ (temp. 10-15 *C) 40 mmol trieAylamine or N- methylmorpholine and then the 
reaction mixture was stirred for 30 mmutes at this temperature. Then 18 mmol of 
q)propriate add diloride (temp. 10-15 *C) was added slowly to the reaction mixture and 

15 the reaction mixture was stirred ovemi^t at room temperature. The predpiatated 
hydrochloride was filtered, washed on a funnd with 2 x 20 ml benzene, and the collected 
filtrate was washed suocessiyefy with 2 x 50 ml 1 M HCa, 2 x 50 ml 5 % NaHC03, 1 x 100 ml 
B^O, 2x 50 ml satd. NaCl and dried over IS^O^. After evaporation of the sdvent in vacuo 
(rotavaporator), the reddue was che^d for purity (ILC) and used for the next step 

20 (hydrofysis). 

Yidd (%) mp fC) 
(CH3)2CH(CH2)2CO-DL-Abu-OCH3 80 oil 

(CH3CH2CH2)2CHCX>-DL-Abu-OCH3 96 117-118 

Fh(CH^^OO-DLAbu-OCH3 72 oil 

25 Ifydrofysis (General PrvceduFe). To a solution of 10 mmole of the appropriate 

N-acylamino add methyl ester in 100 ml of methanol was added in one portion 11.25 ml of 
1 M NaOH (11.25 mmol) and the reaction mixture was stirred three hours at room 
temperature. Then the reaction mixture was coded to 0 ""C (ice- salt bath) and acidified 
to pH » 2 with 1 M HQ aq. To this reaction nuxture was added 100 ml ethyl acetate, 

30 transferred to a separatory found and organic layer separated The water layer was 
saturated with solid NaQ or (^^)^0^ and reextracted with 2 x 50 ml AcOEt Hie 
collected organic layer was wadied with 2 x 50 ml H^O, decolorized with carbon, and dried 
over MgS04. After evaporation of the sdvent in vacuo (rotavaporator), the residue was 
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chedced for purity (TLC) and in the case of contamination was oystallized from an 
appropriate sohroit. 

Yield (%) mp ("C) 
(CH,)2CH(CH2)2CO.DL.Abu-OH 92 110^112 
(CH3CH2CH2)2 CHCO-DL-Abu-OH 99 126-127 (n-octane) 
Ph(CH2)5CO-DL-Abu-OH 89 110-112 (n-octane) 

N-Acyldqi^tide metbyl esters were qnthesized via the HOBt-DCC method in a 
DMF sohition [KBnig and Geiger, Chan. Bar. 103, 788 (1970)]. 



Z-Leu-DL>NVa-OC% 
Z-Leu-L-Phe-OGHj 

Z-Leu-L-IIe-OCHj 

Z-Leu-DL-Abu-OCHj 



Yield (%) 

80 

83 

97 

99 



80 



mpcq 

112-113 
86-87 

oil 

86-88 

91-92 

111- 11L5 

112- 132 



TLC (Rj, eluent) 
0.37 B 
0.85 A 
0.39 B 
0.79 A 
0.43 B 
033 B 
0.26 H 
0.79 G 

0.77 J 



(Uquid crystal?) 0.68 K 



oil 



0.59 A 



Z-Lea-I^Leu-OCHj 
Z-Leu-DL-NLeu-OCHj 97 
Z-Leu-4-a-Fhe-OCH, 65 

2-NapS02-Leu-DL-Abu-OCH3 

99 

2-NapS02-Leu-L-Leu-OCH3 

90 97-98.5 0.63 A 

N-Aqildipq)tides were obtamed by Itydndysis of the appropriate methyl esters via 
a general hydrolysis procedure. Li the case of N-su^honyld^qitide methyl esters, 1 
equivalent of the methyl ester was hydroijnced with 2.25 equhralent of 1 molar NaOH 
because of form a sulfonamide sodium salt 
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Yield (%) mpCQ TLC (R^, duent) 

Z^Leu-DL-NVa-OH 100 117-1185 0.11 A 

Z-Leu-L-Phe-OH 92 1Q5-10&S 02SC 

055 G 

5 Z-Leu-i/OLe-OH 79 77-79 022 A 

052 C 

Z-Lea-DL-AbuOH 99 glass 0.61 0 

2^Lea-I/-Leu-OH 97 glass 0561 

Z-Leu-DL-NLeu-OH 98 95-96 

10 Z-Lea-4-a-FheOH 87 104-114 0.48 K 

(liquid cijrstal?) 

2-Ni^02-Leu-DLAba-OH 

97.4 180-195 (deoomp) 058 1 
2>NqiS02-Leu-LrLeu-OH 
15 94.0 68-70 0521 

N-Acytniiqitide medgi estos were ^thesized via HOBt- DCC method in DMF 
solution IKOnjg and G^ger, Otem. Ber. 103, 788 (1970)]. 

Yield (%) mpCC) TLC (R^ duent) 
Z-Leu-Leu-Abu-OCHj 87 140-1415 050 A 

20 2^Leu-Leu-Phe-OCH3 76 158-159 0.83 J 

2-Nq>S02-Leu-Leu-Abu-OC^ 

97 >200 052 A 

N-A£yitrqiq)tide were obtained through Igrdrolysis of the appropriate methyl esters 
via general hydrofysis procedure. Li the case of N-su^honyltnpeptide methyl ester, 1 
25 <}quivalent of methyl esta was faydrofyzed with 225 equivdent of 1 molar NaOH to form 
the sul£Dnamide sodium sdt 

Yidd mp ('C) TLC (% duent) 

Z-Leu-Leu-Abu-OH 97 glass 0.691 



Z-Leu-Leu-Phe-OH 98 glass 0.44 K 

30 2-NapS02-Leu-Leu-Abu-OH 

85 193-195 0.53 1 

(decomp.) q^^j 

Ihe following examples, Examples PKC1-PKC65, are given to illustrate the s^thesis 
35 of Peptide ^to-Compounds: 
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EXAMPLE PKCl 

Z^-DL>Ala<X)OEt Hiis compound was qmthesized by a modified Dakin-West 
procedure [Charles et aL, J. C3iem. So& Perkin 1, 1139-1146, (1980)]. To a stirred solutibn 
of ZpAla-Ala-OH (880 mg, 3 mmde), 4-dimetlgdamiiiapyridine (15 tog, 031 mmole), and 
pyridine (0.8 mL, 10 mmole) in tetrafaydrofuran ^ mL) was added ethyl oxal^ diloride (0.7 
mL, 6 mmole) at a rate sufficient to initiate refiuxing. Hie mixture was gently reOiixed for 
35 h. The mixture was treated with vntet (3 mL) and stirred vi^irousfy at room 
temperature for 30 mio. The mixture was extracted with ethyl acetate. Tlie organic extracts 
wore dried and evqiorated to obtain the residue (1.45 g). Hie residue was 
chromatographed on silica gd and ehited with CHjCJs to give the enol ester product, oil 
(500 mg, 37%); single spot on tic; Rf^ o o.fi7 (CHOjiMeOH - 9:1); MS, m/e - 451 
(M'^+1). To a stirred suspension of the end ester (210 mg, 0.47 mmol) in anhydrous 
ethanol (1 mL) at room tonperature was added drqpwise a solution of sodium ethaodde in 
ethanol until a dear ydlow sdution resulted The ethanol was then removed and the 
residue was treated with ether. The ether sdution was wadied with water, dried, and 
evaporated to ghre a residue. Ihis residue was dvomatographed on a silica gd and the 
product was ehited with methylene diloride. The sdvent was ronoved, and die pqitide 
ketoester Z-Ala-DL-Ala-COjEt was obtained as an semi-solid (150 mg, 92 %); sin^e spot 
on tic, Rfi 0.58 (CHajrMeOH « 5:1); MS, m/e - 351 (M++1). AnaL Calcd. for 
ClTHbOfiNf 1/3 HjO: C. 5729; H, 622; N, 7.86. Found: C, 5723; H, 636; N, 8.17. 

EXAMPLE PKC2 

Z-Ala-AIa-DL»Abi-C02Et Ihis compound was prepared from Z-Ala-Ala-Ala-OH 
using the same procedure as described in Example PKCl. The product was crystallized 
from ethyl ether in 23% yidd; single spot on tic, - 031 (CHCl3:MeOH » 9:1); mp 
143-144 'C; MS, m/e - 421 (M+). AnaL Cdcd. for C20H27O7N3: C, 56.99; H, 6.46; N, 
9.97. Found: C, 5656; H, 6.49; N, 9.92. 

EXAMPLE PKC3 

Z-Ala-Ala-DL-Abu-COjEt Ihis con^und was prepared from Z-Ala-Ala-DL- 
Abu-OH in 11% yidd by the procedure desoibed in Example PKCl; single spot on tic, 
Rf2 « 0.60 (CHQarMeOH = 9:1); mp 111-113 'C; MS, m/e » 436 (M++1). AnaL 
Calcd. for C^jH^p^i l/S HjO: C, 57.13; H, 6.75; N, 951. Found: C, 57J8; H, 6.82; 
N, 9.62. 
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EXAMra£FKC4 

Z-Ala-AIa-Dl^Nva-COjEt. This compound was prepared from Z-Ala-Nva-OH in 
20% yidd by the procedure described in Eitaii^deETCl;ffl^ = 0^ 

(CHajMeOH » 5:1); MS, m/e « 450 (M+ + 1). Anal Calod. for Cj^OtI^s'HP: C, ' 
5 5651; H, 7.11; N, 8.99. Found: C, 56.42; H, 7.08; N, 9.06. 

EXAMPLE FKC5 * 
Z-Ala-Pio-DL-Ala-COjEt This compound was prepared from Z-Ala-Pro-Ala- 
OH-dkydohej^lamine in 19% yidd by the procedure described in Example FKCl; single 
spot on tic, = OSS (CHa^iMeOH. - 9:1); MS, m/e - 447 (M+). AnaL Calod. for 
10 C22HI29O7N3 I/2 H2O: C, 57JJ8; H, 6.62; N, 9.21. Found: C, 57.65; H, 6.68; N, 9.17. 

EXAMPLE PKC6 

Z-AIarAbi-Ala-DL-Ala-<X>2Et The confound was prepared from 2I-Ala-Ala-Ala- 
Ala-OH in 7% yield by die procedure described m Exan^ EKCl; an^ spot on di^ Sf^ 
-0.40 (aaa3:MeOH » 9:1); mp. 163-165 MS, m/e = 493 (M++1). AnaL Calcd. 
15 for C23H32O8N4I/2 H20: Q 55.08; H, 6.63; N, 11.17. Found: Q 54.85; H, 6.53; N, 
11.14. 

EXAMPLE PKC7 

l^DL'Fbe-CO^ This compound was prepared from Bz-Phe-OH in 36% yield 
by die procedure desaabed in Example PKCl, oil, single spot on tic, « 0.61 
20 (CHOa-lfoOH » 9:1); MS, m/e - 325 (M+). AnaL Cabd. for C^^p^l/S HjO: C, 
68.86; H, 5.98; N, 4.22. Found: C, 69.10; H, 6.09; N, 438. 

EXAMPLE PKC8 

MeO-Suc-Ala-DIrAta-COjMe. This compound was prepared from MeO-Suc-Ala- 
Ala-OH in 22% yidd by the same procedure as described in Example EKCl, except that 
25 sodium mediOKide in methand was used for end ester Iqwfroljrsis, single 
- 0.43 (CHa3:MeOH « 9:1); MS, m/e « 317 (M+ + 1). AnaL Calcd. fi»r 
C13H20O7N4 1/3 C, 48.44; H, 6.46; N, 8.69. Found: C, 48.56; H, 639; N, 8.69. 
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EXAMPLE PKC9 

MeO-Suc-Ala-AIa-Pn^DL-Abn-GOjMe. This compound was prepared from 
MeO^uc-Ala-Ala-Pro-DL-Abu-OH in 22% yield by the procedure described in Example 
PKC8; foam, single spot on tk^ » 0.66 (CHO^MeOIl = 5:1). AnaL CUcd. for 
Cj2EIj409N4H20: C, 51S3; H, 7.02; N, 10.85. Found: C 51.11; H, 7.03; N, 10.88. 

EXAMPLE PKCIO 

MeO-Suc-yaI-Pro>DL-PheC02Me. This conqiound was prepared from MeO- 
SucVal-Pro-Phe-OH in 42% yidd by the same procedure as described in Btample 
PKC8; foam, single spot on tic, 057 (CHa3:MeOH - 9:1); MS, m/e - 517 (M+). 
Anal. Calcd for Cj^sP^il/i H^O: Q 58.96; H, 6.90; N, 7.93. Found: C, 58.92; H, 
6.96; N, 7.89. 

EXAMPLE PKCll 

Bz-DL-Ala-COj-a-Bu. This con^xrand was prepared from Bz-Ala-OH in 45% 
yield by the procedure described in Example EKCl, eamept that»-bnlyl oxalylcfaloride 
was used for the Daldn-West reaction and sodium n-butoxide in it-butanol was used for 
enol ester hydrolysis; colodess oil, single qxit on tic, R/^ « 0.72 (CHC^:MeOH = 9:1); 
MS, m/e « 277 (M+). 

EXAMPLE PKC12 

Bz-DL-Ala-C02BzL This conq)ound was prepared from Bz-Ala-OH in 26% yield 
by the procedure described in Example PKCl, except that ben^l oxatyl chloride was 
used in place of ethyl oxayl chloride and sodium benzyloxide in benzyl alcohol was used 
for enol ester hydrolysis; single spot on tic, R^^ -0.69 (CHa3:MeOH « 9:1); mp 95-97 
•C; MS, m/e - 312 (M* + 1). AnaL Calcd. for q8Hi704N.l/2 H20: Q 67.48; H, 5.66; 
N, 437. Found: Q 67.78; H, SS5; N, 4.66. 

EXAMPLE PKCJ3 

Z-Ala-DL-Ala-COj-B-Bu. This compound was prepared from Z-Ala-Ala-OH in 
14% yield by the procedure described in Example PKCl, except that «-butyl oxalyl 
chloride was used in the Dakin-West reaction and sodium n-butoxide was used for oiol 
ester hydrolysis; oil, single spot on tic, Rf^ « 0.45 (CHa3:MeOH « 9:1); MS, m/e « 
378 (M+). Anal. Calcd. for qpHj^O^Nj 1/3 1%0: Q 5935; H, 7.00; N, 729. Found: Q 
59.41; H, 7.03; N, 7.10. 

EXAMPLE PKC14 

Z-AIa-DL-AIa-COjBzL This compound was pr^ared from 2^Ala-Ala-OH in 
36% yield by the procedure described in Example PKCl, except that ben^l oxalyl 
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chloride was used in the Dakin-West reaction and sodium beiu^loxide in benzyl alcohol 
was used for enol ester hydrotysis; single spot on tic, R/ = 035 (CHaarMeOH » 9:1); 
MS, m/e = 413 (M++1). AnaL Cakd. for C^fljA^^l- ^ ^-^i ^ ^.87; N, 6.79. 
Found: C, 63.79; H, 5.95; N, 6.72. 

5 EXAMPIJE; FKC15 

Z^-Ala-DL-Abu-COjBzL iWs compound was prepared from Z-Ala-Ala-Abu- 
OH in 31% yidd by the procedure described in Example PKCl, ew»pt that ben^l oxalyl 
diloride was used in the Dakin-West reaction and sodium bensgrlaride in benayl alcohol 
was used for enol ester l^drotysis; single spot on tlc^ Rf^ . o.40 (CSO^iMsOH - 9:1); 

10 mp 124-125 'C; MS, m/e = 498 (M++1). AnaL Calod. for C26H3i07N3-2/3 HjO: C, 
6128; H, 639; N, 8.24. Found: C, 61.14; H, 6.65; N, 7.94. 

EXAMPLE FKC16 

Bz-DL-AIa-COOH. The hydrolysis procedure of Tsushima et aL |T. Org. Ch«n. 
49, 1163-1169 (1984)] was used. Bz-DI/-Ala-CX}2Et (540 mg, 22 mmol) was added to a 

15 solution of 650 mg of sodium Ucatbonate in an aqueous 50% 2-propanQl sohition (7.5 
mL of BDjO and 2-propanol) and stirred at 40 'C under nitrogen. After adding etiqrl 
acetate and a saline solution to the reaction mixture, die aqueous layer was sq>arated 
and acidified with 2N HQ and eartracted with etiqd acetate. Ihe organic layer was dried 
over magnesium sulfate and the solvent was ranoved under reduced pressure. Ihe 

20 CTudelqrdrotysis product was (iromatogri^ed on silfcagd and dntedwi&metlqdene 
(Mnide and methanol to obtam an oil (150 mft 31%); sin^q)ot on dc,Rf* » 0.68 (n- 
butanokacetic add-pyndineBjO = 4:1:1:2). AnaL CakxL for qjHii04N3/4 BjO: Q 
56.28; H, 537; N, 5.97. Fonn± C, 5621; H, 5.46; 5.66. 

EXAMFLEFKC17 

25 Z-Leu-DL-N»»<X)OEt This compound was prqmred from 2M^-Nva-OH in 60 

% yield by the procedure described in Example EKCl; oil, one spot on tli^ R( « 0.49 
(CHC:^:MeOH « 20:1). NMR (CDCy •: 0.91 (t, 9H), CH3; 1.25 (t, 3H). CSS^ 138 (q. 
2H). OCH2CH3; 1.64 (m, 6H), CBj; L85 (m, IH), CH(CB^ 434 (m. IH) 
CH2CH(NHCOOCH^)CX3NH; 5.12 (d, 3H) NHCH(CO)CB2 and OCB^ 532 (d, 

30 lH)NH;6.71(d,lH)NH;736(8,5H)Ph. 

Z-Leu-DL-Nva-oial estw, the precursor of Z-Leu-DL-Nva-COOEt was 
synthesized by the same procedure as described in Example 7KC1 and purified by 
cohmm chromatograpl^, oil, one spot on tte. NMR (CDO^ 5: 0.96 (t, 9H); 1.25 (t, 
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3H); 1.41 (t, 2H); 154 (m, 4H); 1.72 (m, 3H); 2.80 (t, 2H); 4.20 (q, 2H); 4.43 (q. 2H); 
5.16 (q, 2H); 5.23 (s. IH); 737 (m, 5H); 1L33 (s, IH). 

EX4MPLEPKC18 

Z-Lea-DIrnie-COOEL This compound whs prqiared from Z-Leu-Phe>OH in 30 
% yidd by the procedure described in Bmnqile FKCl; oi], one spot on tic, Rf » 0.47 
(CaiCaarMeOH « 50:1). NMR (CDO^ 9: 0.88 (d, 9H), OCH2CH3 and (CH3)2CH; 135 
(q. 2H), OGHjO^; 156 (q, 2H), (CaJ^CHCHjCH; 3.03 (m, IH), (CH3)2CaJ; 432 (m, 
2H), NHCH(CO)CH2; 5.08 (», 4H) CKyPh; 5.40 (m, IH) NH; 6.61 (d, IH) NH; 731 (s, 
5H)Ph;735.(s,5H) Eh. 

Z-Leu-DL-Hie-^Ql ester, the precursor of Z*Leu-DLrFhe-OOOEt was 
synthesized fay the same procedure as described in Example FKCl and purified by 
column chromatography, oil, one spot on tie. NMR (CDCy 5: 0.86 (t, 3!H); 0.99 (t, 
3H); 1.24 (t, 3H); 1.40 (t, 3H); 152 (m, 2H); 1.83 (m, 2H); 4.23 (m. 4H); 439 (q, 2H): 
5.10 (t, 2H); 5.18 (s, IH); 7.26 (m, 5H); 734 (m, 5H); 8.89 (s, IH). 

EXAMPLE FKC19 

Z-Len-DL-Aba-COOIX. This compound was prqiared from Z-Leu>Abu-OH in 
33 % yidd fay the procedure described in Example FKCl; oil, one spot on tic, Rf » 0.66 
(CHOjiMeOH = 20:1). NMR (CDCI3) ft: 0.96 (t, 9H), OCH2CH3 and (CH3)2CH; 1.26 
(t, 3H). CH2CH2CH3; 137 (q, 2H), OCH2CH3; 1.66 (q, 2H), (CH3)2CHCH2CH ; 2.00 
(m, IH), CH(CHj)2; 4.12 (q, 2H) CHCH2CH3; 434 (m, IH) 

NHCH(OONH)CHjCH(CH^ 5.12 (q, 3H) CBjPh and CONH(Et)CHCOCOO; 5.29 (t. 
IH) NH; 6.79 (d, IH) NH; 735 (s, 5H) Fh. 

ZrLeu^DLrAbu-enol esta, the precursor of Z-Leu>DL-Abu-GOOEt was 
synthesized fay the same procedure as desoibed in Eranqile FKCl and purified by 
cohmm chromatography, oil, one q)0t on tic. NMR (CDOj) ft: 0.98 (t, 6H); 1.12 (t, 
3H); 1.24 (t, 3H); 1.41 (t, 3H); 1.73 (m, 4H); 2.86 (q, 2H); 4.20 (q, 2H); 431 (m, IH); 
4.42 (q, 2H); 5.15 (q, 2H); 521 (s, IH); 734 (m, 5H); 1L29 (s, IH). 

EXAMPLE PKC20 

Aia«DL-Lgr8-<X>OErHCL To a sdution of N-carbobenzyioggmlaiqrl-N^. 
carbobeD^lagQrlysine (1.88 g, 3.9 mmd), 4-dimetl9lanunopyridine (21 rag, 0.17 mmol), 
and pyridine (1.0 mL, 12.4 mmol) in THE (7 mL) was added ethyl oxalyl chloride (0.9 
mL, 8.0 mmol) at a rate sufBd^ to start refludng. The mixture was refiuxed gentfy for 
3 hr, treated with watn (4 mL), and stured vigpiaasfy at room ten^ierature for 30 min. 
The mixture was extracted with ediyi acetate, the organic extracts were washed with 
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water, dded over MigS04 and evaporated to give an oSy reddue (156 g). To a solution 
of the enol ester (136 g, 2.7 mmol) in anhydrous ethanol was added dropwise a sohxtion 
of sodium etfaoxide in ethanol at room temperature until die solution turned dear 
ydlow. Ethanol was removed and the residue was dissolved in etl^ acetate. The 

sohition was washed with water, dried ov^ MgS04, and ev^orated to ghre a 
readue. This residue was then purified by cohmm diromatograpliy and the product was 
ehited with chloroform-methanoL The sobent was removed and 2>Ala-DL-Lys(Z)- 
C02Et was obtained as a hygroscopic powder (328 mft 16 %), single spot on tic, « 
033 (CHa3:MeOH « 9:1); MS, m/e = 542 (M++1). 

10 li-'Caj^hciaiaayai^ keto ediyl ester, 2^Ala-DL- 

Lys(Z)-OO^t (328 mg, 0.61 mmol) was dqirotected witfi liquid HF containing anisole at 
0^Cfor30m]n. The HF was removed under reduced pressure. The residual oil was 
dissolved in absolute ethanoL HCi/ctbanol was added to the solution, and ethanol was 
removed in vacuo. The residue was washed by decantation widi ether to give a semi 

15 sdid (216 mg, 100 %); single spot on tic (n-butanokacetic addrpyridinerHjO - 4:1:1:2). 

EXAMPLE FKC21 

Bz-DL-I^s-COOEfHCL This compound was prq)ared from Bz-DLrLys(Z)- 
COOEt in 62% yield by the procedure desaibed in Example FKC20; one spot on tic, 
« 0.57 (n-butandtaoetic add^iyridmeffljO = 4:1:1:2). The precursor, Bz-DL-Lys(Z)- 
20 COOEt was prepared from Bz-Lys(Z>OH in 100% yidd by the procedure described in 
Example PKCl; powder, one spot on tici = 0.75 (CHCl3:MeOH « 9:1); MS, m/e = 
440 (M+). Anal. Calcd. for 024^2806^2^/3 ^2°- ^ ^3.70; H, 633; N, 6.19. Found: Q 
63.49; H, 6.51; N, 5.92. 

EXAMPLE FKC22 

25 Bz-DL-Aig-COOEfHCL This compound was prepared from Bz-DLrArg(Z)* 

COOEt in 99% yield fay the procedure desotibed in Esample FKC20; one spot on tic, R/ 
«0.71 

(it-butanohacetic add.-pyridine:H20 » 4:1:1:2), Sakaguchi reagent positive. Bz-DLr 
Arg(Z)-COOEt was prepared from Bz-DLrArg(Z)-OH in 19% yield by the procedure 
30 described in Example SKC20, = 038 (CHCi3:MeOH = 9:1); mp 140-142 ^C; MS. 

m/e = 468 (M+). AnaL Calcd. for C24H280^4: Q 61.53; H, 6.02; N, 11.96. Found: Q 
61.96; H, 6.48; N, 1234. 
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EXAMPLEFKC23 

H-G^DL>l9»€00EtfflCL Hiis compound was pr^red from Z-Gfy-DL- 
Lys(Z)-COOEt Jn 92% yidd by die procedure described in Erample FKC20; R/* « 0^1 
(it-ljutanQkaceticadd-pytidiiieJ^O = 4:1:1:2). Z^-DL-Lys(Z)-COOEt was prq>ared 
5 fromZ-Gfy-Lys(^OHin9%yieIdfay the procedure described m Example FKC20, one 
spot on tk; R/ - 0.68 (CHC^:MeOH » 5:1); MS, m/e = 528 (M++1). 

EXAMFLEFKC24 

H-PnHDL-I^s-COOEtfflCL This compound was {nqnred from Z>Fro-DL- 
L3n(Z><X)OEt in 100% yield by the ptocedure described in Bompte FKC20; one spot 
10 on dc (n-butanokaoetk acid:pyridine^O - 4:1:1:2). Z-Pro-DL-Ly8(Z)-OOOEt was 
prepared from 

Z-Pro-Lys(Z>OH in 15% yield by the procedure described in Example PKC20: Rf2 » 
0.73 (CHCa3:MeOH - 9:1); MS, m/e 568 (M++1). 

EXAMPLE PKC25 

15 H-Phe-DL-I^s-COOErZHCL Hus compound was prqnred fixmi Z-Fhe-DL- 

Lys(Z>OOOEt in 39% yield by die procedure described in Erample FKC20; one ^ot on 
tic (it-butanol»cetic acid:pyridine:^0 - 4:1:1:2). Z-Fhe-DL-Lys(Z><X)OEt was 
prepared from Z-I>he-Lys(Z)-OH as previously described in 9% yield, « 0.68 
(CaiC%:MeOH » 9:1); MS, m/e » 482 (M+). 
20 EXAMPLE PKC26 

H-Leii-AIa-DL>I^8<COOEt2Ha. This compound was prqiared from Z-Leu-Ala- 
DL-Lys(Z)-CX30Et in 52% yield by the procedure described in Erample FKC20; one 
spot on tic (it-lnitanoL-acetic acid:pyridine:H20 = 4:1:1.'2). 

Z-Lea<^.DL-I^(Z)-COOEt was prepared from Z-Leu-Ala-DL-Lys(Z)-OH in 
25 5% yield by the previously described Dakin West reaction, R/ « 034 (CHa3:MeOH « 
19:1); MS, m/e » 609 (M+^OCHaC^). 

EXAMPLE PKC27 
Simple AndM Add, Dir (mdl)r^pq^ Ena Estm (Gen^ A 
modified Dakin-West procedure was used [C3uurles ef aL, J. Chem. Soc Peridn 1, 1139 
30 (1980)] and is illustrated with die synthesis of Z-Leu-DLrFhe-EE. To a stirred sohition 
of ZrLeu-Phe-OH (6.19 g, 15.0 mmolX 4- dimedgfiaminopyridine (0.183 g; 1,5 mmol) and 
pyridine (4.75 g. 4,85 ml, 60 nunoi) in tetrahydrofiiran (45 mi) wanned 50 *C was added 
eUiyl ontyl diloride (430 g, 3.52 ml. 31 J mmd) at a rate sufGdent to initiate refluxing. 
Ihe mixture was then heated at a gmtie reflux for 4 h. After cooling to room 
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temperature the mixture was treated with water (25 ml) and stirred ^orous]^ at room 
temperature for 30 min. The mixture was extracted with ethyl acetate (150 ml) and after 
sq)aration of the organic layer, the water lay^ was saturated with solid (^^1^4)^0^ and 
re-exttacted ^-times with 25 ml etigd acetate. Ihe comhined organic phases were washed 
5 2-timeswith75mlwater,2-timeswith50mlof satdNaO, decolorized with carbon and 
dried over Mg304. After evaporation of the sohrmt, the crude enol ester (8,36 g, 98%) 
was flash-chromatographed on silica gel and the product was ehited with a AcOE The 
solvent was evaporated in vacuo (rotavaporator) and the pure enoL est^ was obtained as 
a oil (722 g, 85%); single spot on TLC; « 0.84, A; 0.68, C 
10 Z-Leu-Nva-EE. This compound was prq)ared from Z-Leu-Nva- OH using the 

general procedure and purified by flash diromatography on silica gd usmg 
CHa3:MeOH«50:lv/Vasehiait Yield 95%, smgje spot on TLQ Rf = 0.92, Q 028 

J- 

Z-Leu-AbU'EE. This conq>ound was prepared from Z-Leu-Abu- OH in 78% 
15 yidd the general procedure described above. Purification fay flash obramatography on 
silica gd Ehient, CHa|:MeOH « 50:1 v/v, single spot on TLC, Rf » 0,86, A. 

PhCO-JibU'EE This compound was prq>ared from PhCO-Abu-OH in 26% yidd 
by the general procedure as desoibed above. Purification by flash chromatography on 
silica gd. Eluent 0x103, single spot on TLC, Rf » 0.60, M. 
20 (CH3)^(CH^jZaAbu-EE This compound was prepared from 

(CH3)2CH(CH2)2CO'Abu-OH in 82% yidd by the general procedure as described 
above. Purification by flash duromatograpl^ on silica geL Buent AcOEt, single ^ot on 
TLQRf » 0.72, C. 

{CH^CH^H^2 COAbu-EK This compound was prq)ared from 
25 (CH3CH2CH2)2CH CO-Abu-OH in 100% yidd by the general procedure described 

above. Purification by flash diromatography on silica gd Ehient AcOEt, singile spot on 
TLCRf = 0.78,C;0.81,K 

Ph(CH2ffiO-AbU'EE This con^und was prepared from 
rhiCH^^OO-Abu-OH in 86% yidd by the general procedure described above. 
30 Purification by flash diromatography on silica geL Ehimt AcOEt Sin^e spot on TLC, 
Rf »0.74,C. 

ZJjew4'Cl-Phe'ER This compound was prepared from Z-Leu- 4-a-Phe-OH in 
69% yidd by the gword procedure described above. Purification fay flash 
chromatography on silica gd HuentAcOEt,singlespotonTLC;Rf« 0.77, C; 0.78, K. 
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Z-Leu^Leu-Abu-EE. Hiis compound was prq)ared from 22rLesor Leu-Abu-OH 
in 62% yidd by the general procedure desoribed above. Purification fay flash 
chromatography on silica geL Element CHai3:MeOH « 50:1 v/v. Single spot on TLC, 
Rf « 0.89» A; 0 J5, M. 

5 Z-LeU'Leu-Phe-EE. This compound was prepared from 2rLeu- Leu-Phe-OH in 

60% yield by the general procedure described above. Purification by flash 
chromatography on silica geL Quent CHa3:MeOH « 50:1 v/v. Single spot on TLQ 
« 0.80, K; OJO, M 

2'N(q^S02'Leu-LeU'Abu-EE. This compound was prq>ared frcun 

10 2-NapS02-Leu-Abu-OH in 73% yidd fay the general procedure described above. 

Purification fay flash chromatography on silica geL Eluent AcOEt, sin^e spot on TLC, 
Rf« 0.71, K; 0.54, C 

2'NapSO^LeU'LeU'Abu-EE* This compound was prepared from 
2-NapS02-Leu-Leu-Abu-OH in 74% yield by the general procedure described above. 

15 Purification by flash chromatography on silica geL Ehient AcOEt: AcOH = 200:1 v/v. 
Single spot on TLQ » 0.69. K 

Z-Leu-Phe-COOEt Single Afnlnoadd^ Di-and Tripeptide- ketoesters (Genmd 
Procedure). To a stirred solution of 8.53 g (15.0 mmol) of ZpLeu-Phe-EE in 40 ml 
anhydrous ethanol at room tenqierature was added dropwise a solution of sodium 

20 ethoodde (0.204 e 3.0 mmd) in 20.0 mi anhydrous ethanoL The color of the reaction 
mixture change from colorless or pall ydDow to deqp yellow or orange dq^endent on 
enol-ester. Then the reaction mixture was stirred at room temperature for 4-5 hours, the 
ethanol was thra evaporated in vacuo (rotavaporator) and the residue treated with 200 
ml ethyl ether (or 200 ml ethyl acetate in the case of the trqpeptide). The ether (ethyl 

25 acetate) solution was washed with 2 x 75 ml B^O, 2 x 75 ml satd. Nad, decolorized with 
carbon and dried over MgS04. After evaporation of sohrmt, the crude product 6.09 g 
(89.7%) was flash chromatogri^hed on silica gd usmg CHCl^: MeOH » 50:1 v/v. 
Evaporation of soKent give pure Z-Leu-Phe-OCX>Et (4.08 ^ 58.0%) as a thick oil. 
Single spot on TLQ Rf « 0.60, A; 0.47, M. Mass spectrum, FB-MS [(M-M)/Z] » 469. 

30 EXAMPLE PKC28 

2-Lea-Nva-COOEL This was prepared by the preceding general procedure. 
Purification by flash chromatography on silica gd, eluent CXIO^: MeOH » 100:1 v/v, 
yield 86.6%, thick, colorless oil, sb^e spot on TLC, = 0.49, A; 037, M. Mass 
spectrum FB-MS [(M+ 1)/Z] » 421. 
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EXAMPLEPKC29 
XrLat-J^bfhCOOEL This iras pr^ared by the preceding gmaal procedure. 
Piirifj/rati'nn hy flanh diromatopaohy on silica gel ehient CHC3» yield 82%, Ihid^ pale 
yeHcw oil, single spot on TLC; Rf = 0.66, A. Mass spectnim, CI-MS ((M+1)/ZI = 407. 

EXAMPLE PKC30 
PhCX>-^Aba<€0OEt. This was piqnred by the preceding general procedure. 
Purification fay fladi chromatqpa^ on alica gd, eluent CHCS^tMeOH « 50:1 v/v, 
yield 83%, oil, ain^^wt on HARf" 0.44, M. Mass spectrum, M/Z 263 (M+); 
a-MS,264((M+l)/Z). 

EXAMPLE FKC31 

(CH3),CH(Ciy jCO-Ahn^COOEt This was prepared by the preceding general 
procedure. Purification by flash chromatography on silica gel, ehient AcOEt, yield 43%, 
oil, shi^ spot on TLC; « 056, C Mass jpectrumEI-MS M/Z 257 (M+); FB-MS, 
[(M+1)/Z1 - 258. 

EXAMPLE PKC32 

C^C^CH)aCHCO-Abii^OEt. This was prepared by the preceding general 
procedure. Purification hy fladi chromatography on silica gd, duent GHQjrMeOH = 
50: 1 v/v, thidc, yettowish oO, yidd 66%, smgle spot on TLC, Rf = 0.80, C; 0.66, M. 
Mass spectrum EI-MS M/Z » 285 (M+); a-MS, [(M+ 1)/Z] - 286. 

EXAMPLE PKC33 

Ph(CIi^jCO-Aba-COOEt This was prepared by the preceding general 
procedure. Furificatian by Sadi diromatography on silica gd, duoit CaiCSjrMeOH = 
50:1 v/v, yidd 64%, pale ydtow oil, single spot on TLC;Rf = 0.29, M. Massspectrum 

EI-MS M/Z = 347 (M+), FB-MS, [(M+l)/Z] « 348. 

EXAMPLE PKC34 

Z-Lea-4-Cl-Phe*C00Et This was pr^ared by the preceding general procedure. 
Purification by flash chromatography on silica gel, duent AcOEt, yield 100%, colorless 
oil, sh^ qiot onTLC; Rf » 0.71, C Mass spectrum FB-MS M/Z » 503(M*). 

EXAMPLE PKC35 

Z-Leu-LettAbn-COOEt This was prepared by the preceding general procedure. 
Purification by flash dffomatography on silica gd, duent CHCa3:MeOH = 50:1 v/v, yidd 
792%, very thick, coloriess oil, single spot on TLC, Rf» 0.28. M. Massspectrum 

FB-MS, [(M+1)/Z1 - 520. 
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EXAMPLE PKC36 

Z-Len-Leu^Plie-COOEt This was prepared by the preceding general procedure. 
Purification by fladi dironatograpiiy on silica gel, ehumt CHOjtMeOH « 50:1 v/v, yield 
33%, qO, single spot onTLQ Rf - 0J6, M Mass spectrum, FB-MS, [(M+l)/Z] « 582. 
5 EXAMPLEFKC37 

2-NapS02*Leii'fAba<XX>Et This was prqwred by die preceding goieral 
procedure. Purification by flash ehromatograpfay on silica gd, ehient CHajiMeOH " 
50:1 v/v, yield 38%, thick cO, smgle spot on TLC, » 0.71, K; 0.54, A. Mass q>ectrum 
FB-MS, [(M+l)/Z] • 4fi3. 
10 EXAMFLEPiaaS 

l-NapSOjoLen-LeihAbiHCOOEt This was prepared by the preceding gmeral 
procedure. Purificaticm by flasb dmnnatograplgr on silica gd, eluent AcOEt:AcOH >>> 
200:1 v/v, yidd 61%, semi-solid, single spot on TLC, = 0.67, K Mass spectrum 
EB-MS, ((M+1)/Z1 = 576. 
15 EXAMPLEFKC39 

Z-Len-Mct-COjEt. Hiis compound was prqtared by the above procedure. 
Yellow oil, single spot on TLC, « 0.52 (CHCl3:C3S^OH-50:l), yidd 46% (from 
dipeptide), MS (FAB) 454 (m-M). 

EXAMPLE FKC40 

20 Z-I«ii-NLeu-C02Et This compound was prqiared by the above procedure. Pale 

yellow oil, single spot on TLC. R, - 057 (CHa^:CH30H - 50:1), yidd 53% (from 
dipeptide), MS (FAB) 434 (m+l). 

EXAMPLEFKC41 

SynOiesb ofn-Butyl Oxafyl Chlaride. This was prq>ared fay a literature procedure 
25 [Warren and Malee, /. Chromat 64, 219-222 (1972)]. N-Butanol (0.1 moL 7.41 g) was 
added drqiwise to oxaljd chloride (OJ moL 63.5 g) at -10 *C After the addition was 
completed, the reaction mixture was stirred for 20 min. at r.t. and distilled, giving 15.0 g 
(91.18 moL 91%) of the produa n-bntyl oxa^ chloride, bp 58-60 *C (0.6 mm Hg). 
Z-Leu-PheOOjEu. This oon^Kiund was prqiared from Z-L«i- Phe-OH and 
30 butyl oxalyl chlori(te in 43% yidd by the procedure described for the ^thesis of 

Z-Leu-Phe-CO^ taaoept that bu^ onltyl chloride was used in {dace of etl^ oocalyl 
chloride and sodium bu^loodde in butanol was used for mol ester hydrofysis. Single spot 
on TLQ Rf - 0J4 {CaO^^CRfiB. •= 50:1) MS(FAB) m/e « 497 (m+1), % NMR 
(CDCa3)olc 
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EXAMPLEPKC42 
Z-Leu-Abu-COjBn. lliis oompound was piqiai^ the above proc^ 
Single spot oa ILC; Bf = 053 (CHC33:CH30H » 50:1), yield » 36%, pale ydlow oil, 
MS (FAB)m/e » 435 0^+1). ^HNMRCCDC^) ok. 
5 EXAMPLEFKC43 

Synffteds ofBen^ Oxafyl Chloride, Brazjrl alcohol (0.15 moL 16 g) was added 
dropwise to oaraJ^ diloride (0.75 moL 95 g) at 5*10 After the addition was complete, 
Ae reaction was stirred for 20 min. at r.t The excess oxal^l chloride was distilled and 
recycled. Then the iniicture was distilled imder vacuo, gM^ 
10 benzyl oxafyl chloride, bp. 110-112 ""C (0.6 xnm-Hg). H^NMR {CDCL^ 739 (s, 5H), 533 
(s^. 

Z-Leu-Phe-C02BzL This compound was prepared from Z-Leu- Fhe-OH and 
ben^ oxafyl chloride in 17% yield by the procedure described in the synthesis of 
2>Leu-Phe-C02Et, except that bena^l oxafyl diloride was used in pbce of ethyl oxafyl 
15 diloride and sodium bena^loxide in bemyl alcohol was used for enol est^ hydrofysis. 

Single qpot on ILC Bf » 0.63 (CHa3:CH30H » 50:1). Pale yellow solid, mp 117-119 
*C MS(FAB) m/e « 532 (m+1). H^NMR ok. 

EXAMPLE PKC44 
l^Leu-Abu-COjBzL Ihis compound was prqiared by the above procedure. 
20 Single spot on ILC. Rf » 051 (CHa3:CH30H » 50:1), pale yellow oil, MS(EAB) m/e 
= 469 (m+ 1), yield = 26%. 

EXAMPLE PKC45 
Z-Lra-Phe-COOH. Dq^tide Ketoadds (General Procedure). To a stirred 
solution of 053g (1,13 mmol) Z-Leu-Phe-COOEt in 6.0 ml methanol was added 1.27 ml 

25 (127 mmol) IM NaOH. The color of the reaction mixture turned dark yeOow and a 
small amount of solid was deposited. Ihe reaction was run at room tmiperature and 
progress of the hydrofysis was diecked on ILC. After 24 h. no more substrate was 
detected. Ihe reaction mixture was chiUed in one ice bath at 5 ^C, addified with IM 
HQ to pH e 3 and extracted with AcOEt (2x50 mL). The organic extract were 

30 washed with 2 x 50 ml and if necessary, decolorized with carbon and dried over 
MgS04. After evaporation of the sohrent (rotavaporator), the residue (thick oil) were 
titurated with 2 x 25 ml n-hexane and dried in vacuo. Yidd 039 g (78%) of colorless, 
veiy thick oil. ILC, main spot at » 0.24, trace of impurity at = 0.78, L Mass 
spectrum, FB-MS [(M+l)/Z] = 44L 
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EXAMPLEPKC46 
Z-Len*Aba-COOH. lUs oompoimd prepared from Z-I^Leu- Abu-CX^ 
83% yield fay (he gai«rd procedure as described above; 0.14, 
traceofimpurityatRf « 0.73,L Mass flpectrum, FB-MS [(M+l)/Z] » 379. 
S EXAMPLEPKC47 

Z-Lea-Plie-(X)NH-EL To a stirred solution of Z*Leu-Phe-OH (20 g, 483 
mmole), 4^iimethylaminopyridiiie (0387 g, 4.8 mmoleXand pyridine (15.7 ml, 194 
mmde) in anhydrous THF (100 ml) was added ethyl oxa^ chloride (11.4 ml, 101.8 
mmde) at a rate sufGdent to initiate reflnxing. The mixture was geaHy reflumd for 4 
10 hours, cooled to room temperature, and water (80 ml) was added. Ihe reaction mixture 
was stirred vigorously for 30 min, and extracted with ethyl acetate (3 X Hie 
combined organic layers were washed with water (2 x 100 ml), saturated sodium chloride 
(2 X 100 ml), decolorized with decolorizing caibon, dried over magnesium sulfate, and 
concentrated, leaving a dark orange oil CSiromatography on a silica gel column with 
15 CHa3/CH30H (50:1 v/v) afforded 14.63 g (y » 53 %) of Z-Leu-Phe^olester. The 
product was a ydlow oil Sii^^ spot on TLQ » 0.77 (CHCI3/CH3OH 50:1). NMR 
(CDO^) ok. 

To a stirred pale yellow solution of the Z-Leu-Phe-enolester (14.63 g, 25.73 
mmole) in anhydrous ethand (50 ml) was added a sohition of sodium ethoxide (0.177 g, 

20 2.6mmole)inethanol(5mi). Ihe orange solution was stirred for 3 hours at room 
temperature, then the ethanol was evaporated and the residue was treated with ethyl 
ether (300 ml). Hie ether Iqr^ was washed with water (2 x 100 ml), saturated sodium 
chloride (2x 100 ml), dried over magnesmm sul&te, and concentrated, leaving a orange 
oil CSiromatograpfay on a silica gel cobmm with CHa3/CH30H (50:1 v/v) afforded 

25 7.76 g ^ B 64 %) of the a-ketoester Z*Leu*Phe-COOEt The product was a yellow oil 
Single spot on TLQ = 0.44 (CHa3/CH30H 50:1). NMR (0003) ok MS (FAB, 
calcd. for C^2^2^6^ 4^8.6), m/e » 469 (M+ 1). 

The a-carbonyl group of Z-Leu-Phe-COOEt was protected fay following 
procedure. A sohition of Z-Leu-Phe-CX30Et (1 g, 2.13 mmole) in 5 ml of CH2GI2 was 

30 added l^ethanedithiol (0214 ml, 2.55 mmole), followed by 0.5 ml of boron trifluoride 
etherate. The sohition was stirred ovm^t at room temperature. Water (20 ml) and 
ethyl ether (20 ml) were added. Iheorganiclayerwassq^arated, washed with water (2 x 
10 ml), saturated sodium chloride (2 x 10 ml), dried cfver magnesium sulfate, and 
evaporated to afford 0.98 g ^ -> 84 %) yellow sraiisolid. 



Courser 



wo 92/11850 



PCr/l)S91/09786 



-72- 

Hie protected a-ketoester (0.98 g, 1.8 nunole) was dissolyed in edianol (S ml), 
cooled to 0-5 ''C in a ice bath, and ethylamine was bubUed through the sohition until 
2.43 g (54 mmole) had bera added. The leaction mixture was allowed to warm to room 
ten^raature slowfy, and stirred ovem^it. The mixture was filtered, a vdiite precipitate 
5 was removed, leaving a ydlow semisolid Qiromatography on a silica gd cohimn with 
aacycapH (30:1 v/v) afford 0.63 g (y » 75 %) of ^Lett-Phe-CONH-Et Ihe 
product was a pale yellow solid. Single spot on TLQ Sf » 0.60 (CHCI3/CH3OH 20:1); 
mp 145-147 -C AnaL cakd. for C26H33N3O5. 467.56; C, 66.79; H, 7.11; N,8.99; found: 
Q 66.59; H, 7.09; N; 8.95. NMR (COa^ ok. MS (FAB) m/e = 468 (M+1). 
10 EXAMPLE I>KiC48 

Z-LeB-Flie4X)NH4iPr. TUs oonqjmund was sjmthesized from the protected a- 
kefoestw and propylaffline in 92 % yield fay the procedure described in Example FKC47. 
Single spot on TLC, R, = 050 (CHCyC^OH 50:1); mp 15M53 AnaL calod. for 
PCTH3SN3O5: 48157; Q 67.33; H, 7J3; N, 8.72. Found: C, 67.21; H, 7J8; N, 8.64. NMR 
15 (CDQs) ok. MS (FAB) m/e = 482 (M+l). 

EXAMPLE FKC49 

Z-Leu-nie-CONH-nBo. TUs confound was syndiesi2sed from the protected a- 
kefoestor and bu^amine in 67 % yteld by the procedure described in Example PKC47. 
Single spot on TLC; % - 050.(CHCVCB^OH 50:1); mp 152-153 'C AnaL calod. for 
20 CjaHail^Oj: 49559; C, 67.85; B, 752; N, 8.48. Found: Q 67.70; H, 757; N, 8.43. NMR 
(0x33) ok. MS (FAB) m/e = 496 (M-l-1). 

EXAMPLE FKC50 

Z-Loi-Phe-CiONH-lBa. This oonqiound was ^thesized from the protected «- 
ketoester and isobu^lamine in 53% yield by the procedure described in Example 
25 PKC47. Single spot on TLQ Rf » 054 (CHOa/CB^OH 50:1); mp 152 'C AnaL 

calcd. for Cjg^NaOj: 49559; Q 67JJ5; H, 752; N, 8.48. Found: C, 67.77; H, 756; N, 
8.40. NMR (CDQj) ok. MS (FAB) m/e « 496 (M+l). 

EXAMPLE PKC51 

Z-Leu-Phe-CONH-BzL This confound was ^nthesized firom liie protected a- 
30 ketoester and bou^teniine in 40% yield by deprocedure described in Example PKC47. 
Aftff reacting ovem^^eth^ acetate (60 mQ was added. The mixture was fibered to 
ronovea^diiteprec^Mtate. The solution was wadied with coaled IN HQ (3x25 ml), 
water (1x20 ml), saturated sodium ddoride (2x20 ml), and dried over magnesium 
sulfate. The sohition was ev^Kuated leaving a ydlow soIkL Oiramatogr^hy on a silica 
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gel CQhimn with CHQ^/CMpa 30:1 v/v) afforded a yellow solid. Single q)ot on TLQ 
Rf = 0.45 (CHCVCHaOH 30:1); mp 160-162 AnaL calcd. for Ci^U^^Ps' 529.61; 
Q 7030; H, 6.66; N, 7.93. Found: Q 70.18; H, 6.67; N, 7.99. NMR (CDQ^) ok. MS 
(FAB) m/e - 530 (M+1). 
5 EXAMPLEFKC52 

Z-Leu-Phe-CONH-CCai})]?!!. This oonqxnind was aynfliesized firom the 
protected a-ketoester and phened^Iamine in 50 % yield hy the procedure desoibed in 
Example FKCSl. Single spot on TLQ R, - 0.50 (CHCI3/CH3OH 30:1); mp 151-153 'C. 
AnaL calod. for C32H37N3O5: 543.66; C, 70.70; H, 6.86; N, 7.73. Found: Q 70J4; H, 
10 6.88; N, 7.74. NMR (CDOs) ok. MS (FAB) m/e - 544 (M+ 1). 

EXAMPLE PKC53 
Z-LeohAlm-CONH-Et This conpound was synthesized from i«otected a- 
ketoester derived from 2:^Lea-Abu-CX)2Et and ethylamine in 64 % yield by the 
procedure described in Exan^FKC47. Sin{^ q)ot on TLQ R, » 0 36 
15 (CHC^/CHjOH 50;1); mp 130-132 'C AnaL calcd. for C21H31N3O5: 405.45; C, 6220; 
H, 7.71; N, 10J6. Found: C, 61.92; H, 7.62; N, 103L NMR (CDCI3) ok. MS (FAB) 
m/e = 406 (M+1). 

EXAMPE£FKC54 

Z-lM-Abi»CONH-iin'. This compound was synthesized from fhe oorre^xmding 
20 protected a-k^oester and propgilamine in 47 %yidd by the procedure described in 

Example EKC47. Single spot on TLQ Rf - 0.28 (CHC^/CE^OH 50:1); mp 134-135 •Q 
AnaL calcd. for C^^^iffis: 419.50; Q 62.98; H, 7.93; N, 10.02. Found: Q 62.84; H, 
7.97; N, 9.94. NMR (CDCSj) ok. MS (FAB) m/e « 420 (M-l- 1). 

EXAMPLE FKC55 

25 Z-Lea-AbiHCONH-nBn. This conqxiund was sjmthesized from the correqwnding 

protected a-ketoester and buQrhunine in 42 % yield by the {ancedure described in 
Example FKC47. Single spot on TLQ Rf » 0J4 (CHCyCR^OR 50:1); mp 135-136 •Q 
AnaL calcd. for C23H35N3O5: 43333; Q 63.71; H, 8.13; N, 9.69. Found; Q 63.48; H, 
8.07; N, 9.67. NMR (CDCSj) ok. MS (FAB) m/e > 434 (M-i-1). 

30 EXAMPLE FKC56 

Z>Lea^AbUFCONH-iBii. lUs oonqiound was aynthetized from the oorreqionding 
protected a-ketoesta and isobutyhmine in 65 % yield by the procedure desoibed in 
Example FKC47. Single spot on TLQ R, - 0.25 (CBCyCH^aH. 50:1); mp 133-135 *C 
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AnaL calcd. for Cj^^s^Ps- *33^ C, 63.72; H, 8.14; N, 9.69. Found: Q 63.46; H, 
8.10; N, 9.60. NMR (CDC^ ok. MS (FAB) m/e = 434 (M+1). 

EXAMPLE FKC57 

Z-Lea>Abu-CONH-BzL lliis omi^Kniiid \m qnthesized fi»m the coxieqiQndh^ * 
5 protected a-ketoester and benqianune in29 % yield by the procedure described in 

Example FKC51. Sin^e spot on TLC, R, » 0.56 (CHC^/CHjOH 30:1); mp 140-141 'C. * 
AnaL calcd. for C26H33N3O5: 46754; Q 66.79; H, 7.11; N, 8.99. Found: Q 66.65; H, 
7.07; N, 8.93. NMR (CDCI3) ok. MS (FAB) m/e « 468 (M+ 1). 

EXAMPLE PKC58 

10 Z-LeiipAbu-GONH-(CII|)2Fh. This compoimd was sjnthesized ficom die 

corresponding protected a-lKtoestw and [dienethyiamine in 51 % yield by the procedure 
described in Exampte EKC51. Single spot on TLC, 8,-044 (CSC^/CHgOH 30:1); mp 
156-157 'C AnaL calcd. for C^ssNjOj: 48L59; C, 6734; H, 733; N, 8.72. Found: C, 
6738; H, 733; N, 8.78. NMR (CDCI3) ok. MS (FAB) m/e » 482 (M+1). 

15 EXAMnLEFKC39 

Z-Lea-Aba-CONH-(CH2)3-N(CIl2CI^O. This conqjound was qmthesized ficom 
protected ct-k^oester and 4(3-amincqiropyl)mocphoIine in 33 % yield fay the procedure 
described m Exan^ite EBC47. After reacting overnight, etlqd acetate (80 ml) was added. 
The mixture was filteted to remove a ^diitepredpitate. The sohition was wadied with 

20 water (3 X 20 mQ, saturated sodhmi chloride (2x20 ml), and dried over magnesium 
sulfate. The solution was eraporated leaving a yellow oil CJiromatography on a silica 
get cohmm with CHCyci^OH (10:1 v/v) afforded a yeUow semisolid, which was 
reoystallized from eths^acetate/hexane to obtain a pale yeUow solid. Sin^spoton 
TLC, Rf = 0.42 (CacyCHpK 10:1); mp 125-126 AnaL calcd. for Cjifi^f^fi^: 

25 504.63; C, 6L88; H, 7.99; N, ILIO. Found: C, 61.69; H, 7.95; N, 11.07. NMR (CDQj) 
ok. MS (FAB) m/e « 505 (M+1). 

EXAMn£PKC60 
Z>Lea>Abn-CONH-(Cii^7CB,. This compound was qmdiesized from the 
corre^nding protected a-ketoester and octylamine in 67 % yidd by the procedure . 
30 described in Example FKCSt It was white solid. Single spot on TLQRfS 055 

(CHCVCH3OH 30:1); mp 134-135 AnaL calcd. for C^il^sOs: 489.66; Q 66.23; 
H, 835; N, 858. Found: C, 66.1^, H, 831; N, 8.61. NMR (CDCI3) ok. MS (FAB) m/e 
= 490 (M+1). 
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EXAMFLEPKC61 
Z-LeiinAlni-C0NH-(Cfl^20H. This conqKiund was synthesbed firom the 
correqponding protected a-ketoester and ethanoiamine in 29% yidkl fay the procedure 
described in Exanqile FKCS9. Hie product was a ^te stidy solid Siogte^oton 
5 TLC; Rf - 0.42 (CHCycopH 10:1); mp 151-153 'C Anak calcd. for Cj^^^^O^: 
421.49; C, 59.84; H, 7.41; N, 9.97. Found: C, 59.11; H, 7.44; N, 9.81. NMR (0x33) ok. 
MS (EAB) m/e = 422 (M+l). 

EXAMPLE PKC62 

Z'Lai-Alia-CONH-(CH|)20(CH2)20H. This compound was synthesGced from the 
10 carresponding protected a4cetoestar and 2-(2«niinoetfaaxy)ethanQl k 34 % yidd fay the 
procedure described in Example FKC59. The product was white stici^ solid. Single spot 
on TLC; Rf « 0.42 (CHC%/CHjOH 10:1); mp 103-105 "C. AnaL: calcd. for 
^23^35^3^7: 46555; C 5934; H, 7.58; N, 9.03. Found: Q 5923; H, 7.58; N. 9.01. NMR 
(CDCI3) ok. MS (FAsi) m/e - 466 (M+1). 
15 EXAMPLE PKC63 

Z-Len-Alia-CONII-(CIl2)]7CH3. This conqmund was synthesized from the 
corteqKmding protected a-ketoesta and octadecylamine in 12 % yidd by the procedure 
described in Example FKC51. The product was a pale yeUow solid. Sin^e ^ot on TLC, 
Rf - 054 (CHCVCHsOH 30:1); mp 134-136 *C Anal: cated. lor CyfO^Og: 629.92; 
20 Q 70.55; 10.08; N, 6.67. Found: C, 70.71; H, 10.14; N, 6.75. NMR (CDO^) ok. MS 
(FAB) m/e- 630.2 (M+1). 

EXAMPLE PKC64 

Z>Leii<Alm-C0NH-CIIt-C^(0CII))2. Thu compound was ^thesized from the 
corresponding protected a-ketoester and 35-donethaxyben2ylamine in 45 % yiekl fay the 
25 procedure desoibed in Example FKCSl. The product was yeUowstid^ solid. Single 
spot on TLQ Rf « 0^ (CHOs/CH^OH 30:1); mp 153-155 «C AnaL: calcd. for 
C28H37N3O7: 527.62; Q 63.74; H, 7.07; N, 7.96. Found: Q 63.66; H. 7.09; N. 7.92. NMR 
(CDCI3) ok. MS (FAB) m/e - 528.8 (M+ l). 

EXAMPLE PKC65 

30 Z-Lea-AlMi-CONH-C^-C4Q4N. This compound was sjnthes&Eed from the 

correi^onding protected a-lntoester and 4-(aminometli3d)pyridine in 45 % yield fay the 
procedure described in Example FKCS9. The product was greenish yellow solid. Single 
spot on TLC; Rf - 055 (CHC^/CH^OH 10:1); mp 124-126 'C AnaL calcd. for 
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C25H32N4O5: 46855; C, 64.08; H, 6.88; N, 11.96. Found: C, 63.88; H, 6.87; N, 11.96. 

NMR (CDOj) ok. MS (FAB) m/e »469 (M+1). 

D. TTATr>-KETONP. PEPTIDES 

Halomethyl ketone p^tides are irrevereiUe inhibitors for serine proteases and 
5 cysteine proteases. This dass of compounds includes pq>tides having a variety of 

halomethyl groups at their C-terminus. Biese halomethyl groups indnde -CHjX, -CHX2 

and CXj, where X represeats any halogen. A number of analogous compounds have 

been synthesized, induding the amino-halo ketones and the diazo-ketone peptides. 

Althou^ these analogous compounds are diemicalty distinguishable, ail of these 
10 haloketone compounds are believed to have a similar medianism of action. Accordingly, 

for simplidty, att of the foregoing compounds will be referred to cdlectively herein as 

the "Halo-Ketone Fqptides.* 

Hie reactivity of haloketones has generally been found to be in the order I > Br 

> a > F. However, increasing the reactivity of the habtetcme in this way can lead to 
15 accderation of competing side effects. Ihus, it is preferable to increase the reactivity of 

the halomethyl ketone pqjtides by altering the pq)tide structure. 

Jn sdecting a proper inhibitor for Ca^iain, the same basic peptide structure 

sdection techniques as used for the Peptide Keto-Compounds can be used. Once a 

peptide structure has been identified, the most effective C5-tenninus grouping can be 
20 empirically determined through kinetic inhibition studies of each of the compounds with 

Ca^iain. 

Many of the Halo-Ketone fepdies are availabte commerdally. For example. 
Leu-CHja Fhe-CHja Zrlys-CH^a. Tosji-LysGH^a (TLCK), Tosyl-PheCHja 
(TPCK), Z-Gly-Leu-Phe-CHjCa, Z-Phe-Ala-CHja z-Phe-Phe-GHjCI. D-Phe-Pro-Arg- 

25 CH^a MeoSuc-Phe-GIy-Gfy-Ala-CHjCa, MeoSuo-Ala-Ala-Pro-Ala-CBaCl, MeoSuo-AIa- 
Ala-Pro-Val-CHja Ala-Ala-Pio-Val-CHja Ala-Ala-Phe-CHja SucAIa-Ala-Pro-Phe- 
CM2CI and D-Val-Leu-Ly5-C%a are all available from si^plim sudi as En^e 
Systems Products of livennore, Califiamia. From the same suppliers, the followmg 
diazomethyl ketone peptides are available: Leu-CHNj, Z-Phe-Phe^mij, Z-Phe-AIa- 

30 CHN2, Z-Phe-Pro-CHNj, ZpLys-CHNj and Gfy-Phe-CHNj. Li addition, the production 
of «-amino fluoro ketone peptides has been described in United States Patent 
No. 4,518,528 to David W. Ranidc, the disclosure of ixdiidi is hereby incorporated by 
this r^erence. 
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Hie prq)aration of various Halo-Ketone Pq>tides is reviewed in Methods in 
Ep2ymolog y, 46:197-208 (1977), the disdosiue of which is h^efay incorporated by 
reference. Brief^, halometl^ ketone derivatives of blocked amino acids are readify 
prepared by the reaction of mineral adds (hydrohalic) with the coxresponding 
5 diazomethyl ketone. lodomethyl ketones are prepared by reaction of a halo-ketone with 
Nal, since reaction with HI with a diazomethyl ketone yields the methyl ketone. A 
number of diffnent blocking groups can be used, induding ben^co^carbonyl (Z) and t- 
butyk)Kycarix>nyl (Boc). The diazomethyl ketone is prq>ared by reaction of 
diazomethane with the qqircqyriate add activated fay means of dicydohoQrkarbodiimide 
10 (DCCI), by the mixed anlgrdride method. 

UnUodced amino add cUoromethyl ketones can be prepared by reaction of 
ben2yla)Qrcaibonyl blocked derivatives with HBr or HOAc» trifluoroacetic add, or by 
hydrogenation. 

Synthesis of p^tide dilorometh^ ketones can be accomplished simpfy by 
15 coupling an appropriate pq>tide or amino add with an unblocked amino add 

diloromethyl ketone. A few dqpeptides can be converted direct^ to the chloromethyl 
ketone using the mixed anhydride and CEI2N2 f oUowed by HQ. 

Various synthetic problems are moountered in the prqiaration of chloromethyl 
ketone dCTvathres of basic amino adds. The side chain usualfy must be falodced during 
20 synthesis, and difficulties are often encount^ed during removal of the Uoddng group. 
Use of trifhioroacetic add or HF was evmtualfy found to give a good conversion to 
product. 

A number of examples of the prqiaiation of Halo-Ketone Peptides have been 
rq)orted in the literaturci induding a comprehensive review of over 100 amino add 

25 derivatives and approodmatl^ 60 peptide derivatives listed in J.C Fowas^ in "Chemistry 
and Biochemistry of Amino Adds, Peptides and Proteins^" Vol. 4» Dekker, New York 
(1977), the disdosure of "s^iidi is hereby incorporated by reference. Those of skill in the 
art will recognize how to locate a multitude of examples of the production of the Halo- 
Ketone Pqitides. Accordingj^» no additional examples are provided herein. 

30 E. IN VITRO USES 

Li addition to the foregoing classes of compounds now discovered to possess 
Ca^ain inhibitory activity, we betieve that a large number of other sudi compounds 
exist Inviewof the large number of inhibitors of Ca^ain of different dasses we 
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disclose herein, all of the known, newfy discovered and yet undiscovered inhibitors of 
Calpain shall be referred to hereinafter coUectivefy, using the term "Calpain Inhibitor/ 
The Calpain lohibitors may be used in vitro for a variety of purposes to inhibit 
unwanted Calpain activity. For example, the Calpain Inhibitors may be used in vitro to 
5 prevent proteofysis that occurs in the process of production, isolation, purification, ^ 
storage or transport of peptides and proteins. 

The Calpain Lihibitors described herein can also be used in vitro to prevent 
further degradation of tissue samples from occurring after preparation of the samples. 
Ihis in vitro prevention of degradation can be especially useful in the preparation of 
10 assays for neurodegeneration wharein the assay comprises a test for the products of 
Calpain activity in the tissues, such as assays for breakdown products (BDP's) of 
cytoskeletal components such as spectrin, MAP2, actin binding protein and tau. P. 
Seubert et aL, in Neuroscience. 31:195 (1989), the disclosure of which is hereby 
incorporated by reference, disdose an exemplary method of quantitating the amount of 
15 spectrin BDF's as an indication of Calpain activiQr. 

The Calpain Inhibitors of this invention are also useful in a variety of other 
experimental procedures where proteofysis due to Calpains is a significant problem. For 
example, inclusion of the Calpain Inhibitors in radioimmunoassay e3q[)eriments can result 
in higher sensitivity. The use of the Calpain Inhibitors in plasma fractionation 
20 procedures can result in higher yields of valuable plasma proteins and can make 

purification of the proteins easier. The Ca^am Inhibitors disclosed here can be used in 
cloning experiments utilizing recombinant or transfected bacterial or eukaryotic cell 
cultures in order to increase yield of purified recombinant product 

To use the Calpain Inhibitors in vitro, the Calpain Inhibitors are dissolved in an 
25 organic acid, sudi as dimethylsulfoxide (DMSO) or ethanol, and are added to an 

aqueous solution containing the protease whidi is to be inhibited, such that the final 
concentration of organic sohrent is 25% or less. The Calpain Inhibitors may also be 
added as solids or in suspension. 

F. TREATMENT OF NEURODEGENERATION * 
30 We have discovered that the Ca^ain Inhibitors are useful in vivo to treat 

pathologies in whidi excess proteolysis fay Calpains is invohred Such pathologies are 
believed to include neuropathologies such as neurodegeneration resulting from 
excitotoxicity, HIV-induced neuropathy, isdiemia, denervation, injury, subarachnoid 
hemorrhage, stroke, multiple infarction dementia, AUieimer's Disease (AD), 
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Huntington's Disease, surgeiy*related brain damage, Parkinson's Disease, and other 
pathological conditions. 

1. Idaitifkatioii of Inhibitors 

In order to identify Ca^ain Inhibitors that are useful in the practice of the 
5 present invention for treatment or inhibition of neurodegenerative conditions and 
diseases, it is important to identify those inhibitors posessing significant Calpain 
inhibitoiy activity. It is also important to identify those Calpain Inhibitors having a high 
degree of speciiBcity for inhibition of Calpain, in order to avoid int^erenoe with other 
biological processes when the Calpain Aihibitor is introduced into a mammal requiring 

10 treatment for neurodegeneration. Because all thiol proteases are believed to ex^ their 
effect through a similar medianism of action, our primary concern was to idmtify those 
Ca^ain Inhibitors having substantial inhibitoiy activity against Calpain, but relatively 
weak or no activity apinst other thiol proteases. Aocordingfy, in order to identify such 
Calpain Inhibitors, we t^ed a variety of Ca^ain Inhibitors for their ability to inhibit 

15 calpains I and n, and compared this data with the ability of the same Ca^ain Inhibitors 
toinhibitCathepsinB, another thiol protease. Those Ca^ain Inhibitors with hi]^ ia 
vitro inhibitoiy activity against Calpain and a rdativefy lower activity against Cathqisin B 
are believed to be most usefiil for in vivo thenqiy. Examples lA throu^ IC show the 
results of these studies for a variety of Ca^ain Ihhibitois. 

20 EXAMPLEU 

Mubition bv Substituted Heterocyclic Compounds 
The isocoumarins are irreversible inhibitors of Calpain. We obtained IC50 values 
for a variety of these Calpain Inhibitors as a kinetic anafysis of these compounds. 
Purified Calpains can be assayed using the fluorogenic substrate suodnyl-leucine- 

25 tyrosine-methylaniinooouniarin (available oommercialfy) or measuring the release of 
add-sohible peptides ftom casdn because we have found that the isocoumarins inhibit 
casein proteofysis by Ca^iain. 

Calpains I and n were purified by the method of (Yoshimura, et aL 1983). 
(Kitahara 1984) provides an altemathre purification scheme. Ca^ain II may alternatively 

30 be puiduised from Sigma ChCTiical Cb* as "Caldum Activated Neu^ In this 

assay, purified Ca^uin was incubated with ^^C-metfaylated casein in the presence of 
various Heterocyclic Coii^x>unds and the amount of acid-soluble radioactivity rdeased by 
the action of Ca^ain was measured. The IC50 values were determined as the 
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concentration of Heterocyclic Compound compound at widdi 50% of the Ca^ain activity 
was inhibited. I^hle lA shows IC^ values for various Isoooumarin Con^unds. 
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10 



TABI£1A 

INHntmON OF CALPAINS BY SUB S ' llTUTED ISOCOUMARINS 



crmoic 

NH2<3TPrOIC (ACmC) 

PhCH^CONH-CfmOIC 

CHjCXJNH-CiTPtOIC 

L-Phe-NH-CSTPiOIC 

BGC-L-Phe-NH-CfTPrOIC 

PhCH^CONH.CnEtOIC 

PhCH^CONH-CnEtOIC 

D-Fhe-NH^amtOIC 



100 

10 

80 
700 

noinhibitim 
90 
30 
200 



70 

120 

30 

80 

30 

>200 



Hius, it can be seen firomTaUe lA that a variety of the bocoumatin 
ConqMunds have significant Calpain inhiUtoiy activity at Jow concentrations. 

EXAMPLE 1B(1) 
Protease Inhibition hv Pmtide Keto.Cnmpniinri« 

Ihe Peptide Ket^Compounds are revosiUe inhibitors of Calpams and otha 
thiol proteases. The K| vahies for the inhibition of captain 1^ calpain n and Cftthepdn B 
we determined for several Peptide Keto^^onqraunds, Inhibition of ca^ain I from 
human erythrocytes and ca^iain n from rabbit musde were assi^ed using 
Suc-Leu-iyr-amidometliyiooumarin as substrate in an assay buffer of 20mM HEPES 
pHs7.2, lOmM CaCIj, lOmM B-mercaptoethanoL Cathq>sm B from bovine spleen was 
assajwd using 2:;-Lys.4-mtropheityl{dio9hate as substrate. 

Table lB(i) shows the results (tf the studies of Example lB(i). The Ki vahie for 
the inhibition of Ca^ains and cathq)sin B fay several Pqitide Keto-Conq>ounds are 
shown in \iM (micromolar). The values for lei^qitin, whidi is commercial^ available 
from Calbiodiem of La Jolla. Califiimia, are shown for con^)arison. 
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Table lB(i) 

VALUES FOR PEPTTOE KETO-COMPOUNDS 



Inhibitor 


Ca^ainl 


Ca^ainll 


CathepsinB 


Leupq>tiii 


0J2 


0.43 


6 


Z-Ala-Ala-Ala-C02Me 


200 




1.5 


Z-Ala-Ala-Abu-CX)^ 


50 


200 


0.9 


Z-Leu-Phe-COjEt 


023 


0.4 


>50 


Z-Leu-Nle-CO^t 


0.12 


0.18 


18 


Z-Leu-Abu-COjEt 


0.04 


0.4 


14 


Z>Leu-Nva-COOEt 




1.2 


30 



It can be seen from the results in Table lB(i) that the Feptide Keto-Compounds 
Inhibit Caipain with Ki values similar or superior to leupeptin. In particular, Z-Leu-Phe- 
15 COjEt, Z-Leu-Nle-CO^t and Z-Leu-Abu-CO^Et were found to possess greater Calpain 
inhfljitoiy activity than leupeptin. Li addition, these particular compounds were highly 
specific to Calpain, with tower inhibitory actiWly toward Cathqisin B than leupeptin. 

EXAMPLE 1B(U) 
Protease Ihhih itinii of Peptide Keto-Comoounds 
20 We tested the ability of an additional group of Peptide Keto^nqiounds to 

inhibit several proteases in order to evaluate their specificity for Ca^ain. The results of 
these studies are shown in Table lB(ii). 
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Table lB(ii). Inhibition of Ca^ain I, Calpain n, Cathq>sin B, FP Bastase and Papain 



Inhibitor 


Ki(|iM) 


Calpain I 


oipAin n 


CathB 


Chym 


elasta 


papain 


1 Z-Ldi-Abu-COOEt 






30 


>100 


>100 


220 


1 Z-Leu-Abu-COOnBu 


18 




4 


>100 


25 


10 


Z-Leu-Abu-COOBz 




047 


4 


40 


>100 


40 


Z-Leu-Leu-Abu-COOEt 


IS 


2.6 


22 


>100 


25 




2-NapSOvLeu-Leu-Abu-COOEt 


16 


1.4 


25 


35 


47 




2-fa9)CO-Leu-Leu-Abu-COOEt 




0.09 




>300 


28 




Tos-Leu-Leu-Abu-COOEt 


33 




69 


25 


28 




Ph-fCHOa-CO-Leu-Abu-COOEt 




\2 










ZrLeu-Abu-COOH 


0,075 


0.022 


1-5 


>150 


>150 




Z'Leu-Abu-CONHEt 


0^ 


023 


2.4 


>150 


65 




1 Z-mi-Abu-CONHnPr 




025 


8 


>300 


2 




1 Z-Leu-Abu-CONHhBu 


02 




13 


>300 


5 




1 Z-Leu-Abu-CX>NHiBu 




0.14 


4 


>300 


40 




1 ZpLeu-Abu-CONHBz 




0.35 


2 


>300 






1 Z.Leu.Abu.CONH-(CH2)2-Ph 




0.022 










Z-I2Qi-Abu-CONH-(CH2)3-Mpl 




0.041 










Z-Leu-Abu-CONH-(CH2)7CH3 




0.019 










1 Z-Leu-Abu-CONH-(C3J2)20H 




0.078 
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1 Lablbitor 


K,(|iM) 






Ca^ainl 


Calpainll 


CathB 


Chym 


elasta 
se 


nflnftfin 


2^Leu-Abu-CONH- 


n lit 












1 2:-Leu-Fhe-COOEt 


1^ 


0.4 


340 


0.025 


>100 


75 


1 2>'Leu-:^e-COOnBu 


5.0 


1.1 


15 


0.15 


>100 


15 


1 Z-Ldb-Fhe-CXX>6z 


3.4 


US 


45 


1.6 


>100 




Z-Leu-Leu-Fhe-CX)OEt 


1.4 


1.9 


42 


0.26 


>100 


15 


Z-Leu-Fhe-COOH 


0.0085 


0.0057 


4.5 


76 


>150 




• — 

Z^Leu-Fhe-CONHEt 


7.0 


032 


6 


73 


>150 




Z-Leu-Fhe-CONHnPr 


15.0 


0.05 


3 


18 


>300 




Z-LBU-Phe-CONHnBu 




0.028 


3 


8 


>100 




Z-Leu-Fhe-CONHiBu 




0.065 


4 


24 






Z-Leu-Flie-CX)NHBz 




0.046 










1 Z-Leu-Phe-CONH(CH2)2Ph 




0.024 




(2) 






t Z-Leu-Nle-OOOEt 




0.18 


20 




2.2 


-ton 


1 Z-mi-Nva-COOEt 


1.4 


12 


25 


160 


23 


150 


1 Z-Leu-Met-COOEt 


LO 


ts 


55 


1.75 


>100 


140 


1 Z-Leu-4-a-Fh&<X)OEt 


<4.0 


OA 


50 


0.9 


>100 


150 
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Table lB(ii) shows the iiduhitioii constants (K^ for cathqisin B, calpain I» and 
calpain n with peptide ketoamides« Dq)q)tide Ketoamides with Abu and Fhe in the 
site and Leu in the P2 site are potent inhibitors of ca^ain I and calpain n. Z-Leu- 
Abu-OONH-Et is a better inhibitor of calpain I than Z-Leu-Phe-CXDNH-Et by 14 fold. 
5 Replacment of the Z group (Phdl^OCO-) by similar groups such as VhCH^^^CO', 
rhCH2CH^02't PhCH^NHCO-, and PhCH^NHCS- would also result in good inhibitor 
structures* The best inhibitor of ca^ain n is Z-Leu«Abu-CONH-(C3^ CSianging 
the R3 and R4 groups significant^ improves the inhibitory potency toward calpain IL 
The best D^cptide Ketoamide inhibitors are those whidi have long alkyl side duuns 

10 (e.g. 2S-Leu-Abu-OONH-(CEl2)7C3l3), aU^l side diains with phenyl substituted on the 
aO^ group (e.g. 2>Leu-Abu-CONH-(CEI^2*^^)» ^ groups with a morpholine 
ring substituted on the allc^l group [e.g. 2^Leu-Abu-CONEI-(CE^3-Mpl, Mpl « - 
N(CH2CH2)20]. Dipeptide a-ketoamides with a small aliphatic amino acid residue or 
a Phe in the P^ site are also good inhibitors for cathqisin B. Hie best inhibitor is Z- 

15 Leu-Abu-CONH-Et and rq)lacement of the Z (FhCH20C0-) fay PhCI^CEl2CO-, 

PhCH2CE^02-, PhCH^NHCO-, and PhCl^^CS- would also result in good inhibitor 
structures. 

EXAMFI£lB(iii) 

Stability of Pgti<<g Ifetff-Cgmppwwiy 

20 We determined the half-life of several Pq>tide Keto-Compounds in botii plasma 

and liver homogenates. The results of the determinations of stabili^ of the compounds 
in plasma and liver homogenates are shown in Table lB(iii). 
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Table lB(iii). StabiliQr in Plasma and in Liver of P^tide Keto-Compoiinds. 



10 



IS 



20 



Iiihibitor 


tl/2 


plBSHia 


uver 


Z.L«ii«Ahii-COOEt 


9 Q 




2«Nfin^n^.Leii»I^ii*Abu»COOEt 


> fW 


— — 


XiNflnPn.L«ii.rMi.Abu-COOEt 






1 Tnc.TMi«T.mi.Ahn-r!flO>Rt 


30 






> oO 


>ou 








Z-Leu-Abu-CONHiaPr 


^ OU 


^ou 


y^T j>ti. AhiLfnOTTnUn 


^ OU 


>M 

^ w 


Z-Leu-Abu-CONHiBa 


> ISO 




Z-Leu-Aba-CONHBz 


> ISO 


>60 


Z-Leu-Fhe-COOEt 






Z-Leu-Phe-COOnBu 


77 




Z-Leu-Fhe*COOBz 


1 0 




Z-Leu-Phe-COOH 


> 60 


>60 


Z-Leu-Plie-CONHEt 


> 60 


>60 


Z-Len-Phe-CONOiPr 


> 60 


>60 


Z-Len-Piie-CONI&iBa 


> 60 


>60 


Z-Leu-Phe-CONHiBu 


> 60 




Z-Iien-Plie-CONHCC^jPli 


> 60 




Z-Leu-NIe-COOEt 


3.7 
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u inniniror 


a/2 


plasma 


liver 


Z-Lra-Nva-COOEt 


2J6 




Z-Lea-Met-COOEt 


8 





It can be seen from the data in TaUe lB(iii) that the Peptide Keto-Conipounds 

5 are general^ quite stable in plasma and liver homogenates. However, it is also shown 

that the Peptide a-ketoamides were substantially more stable in both plasma and liver 

than the corresponding pq)tide a-ketoesters 

EXAMPLE IC 

Protease Inhibition hv Halo-Ketone Peptides 

10 Hie Halo-Ketone Peptides, like the substituted isocoumarins, are irreversible 

inhibitors of Ca^ain. We determined the K^^/^ values for various members of this 

class of compounds against Calpains I and IL For comparison, we also determined 

these values against the additional thiol proteases Papain and Cathepsin B for at least 

one Halo-Ketone Pq>tide. These values are not directly comparable to the Kj or 

15 IC50 values determined above for other dasses of inhibitors. 

We assayed Calpain I and n using Suo-leu-tyr-amldomethylcoumarin. Papain 

was assayed using benzqyl-arg-4-nitroanilide» and Cathepsin B (bovine) was assayed 

using CBZ-lys-4-nitrophenyi ester. We followed the progress curve method of Tian and 

Tsou, Biochemistry. 21:1028-1032 (1982), the disclosure of which is hereby incorporated 

20 by reference, to derive kinetk data. Briefly, this method makes use of the equation: 

[PJ = Vf?]/K 
(1 + [S]/K)A[Y] 

where [PJ represents the concentration of product formed at a time approaching 
infinity, A is the K^ in the presence of substrate (S), K is the Michaelis constant and 
25 [Y] is the concentration of the inhibitor. Since [S] and [Y] are known and V and K can 
be determined, K^ can be readily determined. 

The for various Halo-Ketone P^tides are shown in Table IC 



wo 92/11850 



PCT/US91/09786 



-88- 
TABLE IC 

KINEIIC PARABfEIERS OF Balo-Ketone Peptides 





Lihibitor 


a 




P CB 


5 


Z^y>Leu>Fhe-C!H2a 


284000^ 


946000 






Boo-GJy-I^u-Fhe-Ci^CL 




yiuuuv 


^iOflflO 290000 




Z-Leu-Phe^CH^a 


225000^ 


585000 






Z«fy-Leu-Ala-CH2C1 




210000 








25900^ 


33400 




10 


Z-Val-Fhe-CH2C1 




27200 






Z-Ala-Phe-CHjCl 




2400 






Ac-AIa-Ala-Ala-Ala-CEja 




1300 




15 


d « Calpain I 
Cn « GB^painll 
P " Papain 


^-Rat 

^•Human 

3-Rabhit 







CB » Cadiepsin B 

It can be seen from the results in TaUe IC that the Halo-Ketone Peptides 
20 inhibit Ca^ain with rdativeiy hig|i K^fl] vahies. In particular, Z-gjly-ieu-phe-CEl2Cl> 
Boc-gfy-leu-phe-CHjO, Z-leu-phe^iC* Z-gfy-Ieu-ala-CHja were found to 
possess significant Ca^aininhibitoiy activity. Li addition, Boo-^y4ett*phe-CH2^ 
shown to be somewhat spedBc to Ca^nin, with lower inhibitoiy activity toward 
C^thq>sinB or Papain than toward Calpain. The results shown in the taUe reveal that 
25 Z-^-leu-phe-CB^Cl and Boc-g^-leu-f^he-CHjCi produce similar inhibitory ^ects. 
Thus, the blocking group is not shown to have a great effect on Ca^ain inhibitoiy 
activity. 

The kinetic constants of other irreversiUe Ca^ain Inhibitors indude the 
foHowing wifli in parentheses: B-64 (7500), E64^ (23000) and Z-leu-leu-tyr- 

30 CHN2 (230000). B-64 is commeidalfy available from Sigma Chemical Co., and is 
shown here to be a poor inhibitor of Calpain. Z-leu-leu-tyr-CHNj is a diazomethyl 
peptide compound, here shown to possess significant Ca^sain inhibitory actndty. 
2. Iniiibitiim of Odpain in Neural Tissiies 
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In order to evaluate the inhibition of Calpain by the various Ca^ain Inhibitors 
in neural tissues, we assayed the Calpain Inhibitors using the known ability of Calpain 
to cleave spectrin^ a protein component of neuronal and other tissue, into BDP's. In 
this assay, more effective Ca^ain Inhibitors will prevent the conversion of spectrin into 
5 BDP's. Example 2 is one escample of such an assay. 

EXAMFLE2 

Inhibition pf Calpain iff 

Crude Brain Extracts bv Catoain Inhibitors 
The activi^ of Ca^ain in crude brain extracts was measured by examining the 

10 Ca^ '''-stimulated proteofysis of the endogenous substrate spectrin. Brain tissue was 

homogenized in lOmM Tris pH»7.4, 032M sucrose, ImM EGTA, ImM dithiothreitol 
and the nudei and debris removed by low speed centrifugation. Various Calpain 
Inhibitors were added to the supernatant in a DMSO vehicle and a calcium salt (final 
effective concentration about 1.2mM) added to start the reaction. Proteolysis of 

15 spectrin was evaluated by western blot as described by Seubert, et aL (Brain Research, 
459:226-232, 1988), the disclosure of ifrfiich is hereby incorporated fay refemce. 
Briefty, a known quantity of a ^ectiin-containing sample treated with Ca^ain is 
separated by SDS-FAGE and immunoblotted with anti-spectrin antibody. Ihe amount 
of spectrin immunoreactivi^ found corresponding to the characteristic BDF's is 

20 indicative of the amount of qiectrin activity present in the sample. Anexamplaiy 

method for quantitating BDP's is to assay Spectrin BDFs fay homogenizing brain parts 
in 20mM Tris pH«7.2, 32M sucrose, SOfiM Ac-Leu-Leu-nLeu-H on ice. Homogmates 
are then mixed 1:1 with 10% SDS, 5% A-m^icaptoethanol, 10% gitycerol, lOmM Tris 
pH«^8.0, 0.5% bromophenolhhie, heated to 95*C, and subjected to electrophoresis in 

25 4-1/2% pofyaoylamide gels. The proteins in the gels are transferred to nitroceUulose 
and the spectxin and BDFs detected using a rabbit pofydonal anti-spectrin antibody 
and established immunodetection methods. The amount of spectrin and BDP^s in each 
sample can be quantitated fay densitrometric scanning of the developed nitrocellulose. 
Due to Ca^ain's requirement for Ca^"**, in the absence of Ca^*** litde or no 

30 spectrin proteofysis occurred, regardless of the presence of inhibitor, v\iiile in the 

presence of Ca^*^ the q>ectrin was >95% deaved to BDP's within 40 min. if no Calpain 
Inhibitor is added. 
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Both leupepdn and dl showed inhibition in the system of Example 2. In 
addition, the following compounds of the Substituted Heterocyclic Compounds were 
found to produce significant inhibition at 100 iiM: 

3-chloroisocoumarin 
5 3,4-didiloroisocoumarin 

3- ben^lo37-4-chIoroisocoumarin 
7-(ace^lamino)-4-diloro-3-(propo37)-isocoumarin 

4- chloro-3-(3-isothiureidopropoxy)isocoumarin 
7-amino-4-chloro-3- 

10 (3-isothiureidopropGQ7)isocoumarin 
7-(ben2yIcarbamoylamino)-4-diloro-3- 

(3-isothiureidopropo97)isocoumarin 
7-(phenylcarbamoylamino)-4-diloro-3- 

(3-isothiureidopropaxy)isocoumarin 
15 7-(acelyIaniino)-4-chloro-3- 

(3-isothiureidopropo37)isooouniartn 
7-(3-pheigr]propionylamino)-4-diloro-3- 

(3-isothiureidopropo}7)isocoumactn 
7-0phenylaceQdamino)-4-diloio-3- 
20 (3-isothiureidopropo3Qr)isoooumarin 
7-(L-phenylalai^lamino)-4-chloro-3- 

(3-isothiureidopropoxy)isocoumai]n 
7-(ben2ylcarbamqylamino)-4-diloio-3- 

(3-isothiureidoethQ3Qr)isocoumarin 
25 7-(phenylcarbamoylamino)-4-cfaloro-3- 

(3-isothiureidoethaqr)isocoumarin 
7-(D-phenylalanylamino)-4-diIoro-3- 

(3-isoffaiureidoetho3y)isocoumarin. 
Ihe following compouncb of the Halo-Ketone Peptides were abo found to 
30 produce significant inhibition at 100 |iM: 
ZpLeu-Fhe-CmQ 
AoLeu-Fhe-CHZa 
Z-Gly-Leu-Phe-CH2a 
Boc-Gly-Leu-Phe-Cma 
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Ac-VaI-Phe<3I2a 
Z-GI)r*Leu-Ala-CH2a. 

In addition, the following compounds of the Pq)tide Keto-Compounds were 
found to produce significant inhibition at 100 |iM: 
5 Bz-DL-Phe-COOEt 
Z-Leu-Nva-CXX)Et 
Z*Leu-Nle-CXX>Et 
Z-Leu-Phe-COOEt 
Z*Leu-Abu-COOEt 
10 ZrLeu-Met-COOEt 

Z-Ala-Ala-DL-Abu-COOEt 
MeOSuc-Val-Pro-DL-Phe-COOMe 
Z-AIa-Ala-Ala-DL-Ala-COOEt 
MeO-Suc-Ala-Ala-Pro-DL-Abu-COOMe. 
15 ZrLeu-Phe-COOEt 

Thus, the Substituted Heterocyclic Compounds, Peptide Keto-Compounds and 
Halo-Ketone Peptides, in addition to leupeptin and CXI, provide inhibition in brain 
homogenates* 

3. JoJlisSl Inhibition of Nenradegneration tlunou^ Inftision Techniques 
20 In ord^ to demonstrate that the inhibition of Calpain activity alone is sufficient 

to inhibit neurodegeneration in vhro. we tested the abili^ of the Calpain Inhibitor, 
leupeptin, to inhibit neurodegeneration in gerbils subjected to transient isdiemia. 

As stated above, leupq>tin is pooify membrane permeant. Tlierefore, leupeptin 
js not eaqpected to cross the Uood-hrain barrier (^BB") very wdl. Accordingly, in 
25 order to provide the brain with sufiBdrat leupq)tin to adequately inhibit Calpain 

activation, we used brain infusion tedmiques. Through the use of these tedmiques we 
were able to subject brain tissues to intimate contact with leupeptin for sustained 
periods of time. Bxan^e 3A is provided to show the in vivo protection from 
neurodegeneration found during one sudi study. 
30 EXAMPLE 3A 

In vjvg Prptwrion Awm^ y^wo<>ggeneratf on 
A small cannula was inqdanted in the ti^i lateral ventride of adult gerbils, and 
secured to the skull with dental oemenL An Alzet micro-osmotic piunp was attached to 
the cannula for intraoerdirovratricular pofiision. The pump was filled with either 
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saline alone (control) or leupeptin (20 mg/ml in saline). After three days perfusion 
with either the control solution or with the leupeptin solution, transient ischemia was 
induced by bilateral^ damping the carotid arteries for a period of ten minutes. Core 
temperatures were taken during and following isdiemia, with no differences noted 
5 between control and leupq)tin treated animals. Fourteen days later, the animals were 
sacrificed fay Nembutal overdose and transcardial perfusion of a 10% solution of 
paraformaldehyde in PBS. Coronal sections of the brain were stained with cresyl violet 
and were ejtamined for the extent of neuronal loss. The control gerbils exhibited the 
^ical damage found in the CAl field following ischemia, with a 72% loss of neurons. 

10 However, the leupeptin treated gerbils showed far less neurodegeneration, with onty a 
15% loss of neurons. 

The results of Example 3A cannot be Gqplamed by changes in thermoregulation, 
since core temperatures did not differ between the groups. Accordingly, we believe 
that the Calpain inhibitory activity of leupeptin is responsible for the observed 

15 differences in neuronal cdl loss. In order to farther quantitate the differences, and 

verify that leupeptin produced a Calpain inhibitory effect within the observed regions of 
the brain, we performed a related series of expecimrats. In this series of experiments, 
spectrin BDP^s were measured in the leupqjtin treated and control animals. As 
discussed above, these BDP's are indicative of the amount of Ca^ain activity occurring 

20 within the tissue. ExampleSBisprovided to demonstrate the results of these 
exp^iments. 

EXAMPLE 3B 
Tti Vivo Inhibition nf Calpain Activity 
Implantation surgeries and damping of the carotid arteries were paformed as 
25 above with a controWsdiemia group (n=4) and a leupeptin-ischemia group (n=5). A 
third group of animals (n=4) received implantation with pumping of saline, but was not 
subjected to isdiCTiia. Animals wm saoifioed by decapitation 30 minutes after 
clamping of the arteries. Ihe brains were rapidty removed and placed in cold 
homogenization buffer (032 M sucrose, 10 mM Tris-HQ 2 mM EDTA, 1 mM EGTA. 
30 100 |iM leupeptin and 1 iig/ml of the Halo-Ketone Compound, tos-phe-CEl2C3 

(TPCK)). The CAl region of the h5)pocampus was Aen dissected. The samples from 
both control and leupeptin treated animals were then pr^ared for SDS-PAGE and 
immunoblotting with labeled anti-spectrin antibody, as described above in connection 
with in vitro uses of the Ca^iain Ihhibitois. The control animals ediibited a marked 
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increase in the leveb of BDPsrdativc to the geriiils not ^ These 
BDPs co-migrated with BDP's obseived after in vitro proteotysis of spectxin with 
Ca^ain. The brain tissue from the lei^Mptin treated gerbils eadiibited approximately 
25% of the BDF's observed in the control ischemia treated gerbils. 

Another group of gerbils (n«3) were sacrificed immediate^ after ischemia 
without leupeptin treatment in ordo: to observe the effects of isdiraua without 
reoxygenation. These gerbils ediibited a similar amount of increase of BDP's as the 
oontrol-isdiemic gerbib observed after a 30 minute repofiision period. 

Thus, the results of Example 3B indicate that ]eiipq)tin exerts its 
neurqyrotective ^ect throu^ the inhibition of Ca^ain activation. The results also 
indicate that the observed proteolysis of spectrin was an effect of ischemia, and not 
secondary to the reo^genation. According, the results indicate that inhibition of 
Ca^ain activity in vivo produces a neuroprotecthre effect. 

Although the foregoing studies dmonstrate that leupeptin can inhibit 
neurodegeneration in vivo, leupqidn is not the therapeutic drug of choice because of 
the need to infuse the drug directly into the brain for an extended period of time to 
exert its neuroprotective effect. This is due to the relative^ poor abili^ of this 
compound to cross the BBB. Accordingly, it is believed that a more therapeutically 
practical way to inhibit neurodeg«mtion would be to use more membrane permeant 
bihibitor of Cftlpain. 

4. Platelet Permeability 

In accordance with our discoveries demonstrated in Exanq>Ies 3 and 3A, we 
believe that having a compound cross the BBB and enter CNS tissue is a 
charact^tic of a therapeutkaify useful qjproach to treat or inhibit neurodegeneration 
within the CNS. Use of Ca^ain inhibitors that have enhanced membrane permeabiliQr 
is one such approach. Thus» we measured the ability of various Ca^ain inhibitors to 
penetrate the platelet membrane and inhibit Calpain that is normalty contained in 
platelets. As shown below in the following examples, our results indicate that particular 
compounds of the Heterocyclic Compounds, Pq)tide Keto-Compounds and Halo- 
Ketone Peptides, in addition to the Peptide Aldehyde, ai, exhibit good membrane 
permeability. 

As an indication of the meinbnme permeability of the various Calpain 
Inhibitors, we measured the ability of various Calpain Lihibitors to penetrate platelet 
membranes and inhibit the Ca^ain normal^ found within platelets. The membrane of 
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platelets is believed to have many similarities to the BBB and accordingly, sudi 
€sq)eriments are believed to provide a good indication of the abili^ of the various 
Calpain Inhibitors to cross the BBB. Example 4 shows the results of some of these 
platelet esqperiments using the Ca^ain Inhibitors of the present invention. 
5 EX4MPLE4A 

Memhrane Pemeation of Caloain Inhibitors 
Platelets were isolated fay a modification of the method of Feirell and Martin, J. 
Biol. Chem^ 264:20723-20729 (1989), the disdosure of which is herehy incorporated by 
reference. Blood (15-20 ml) was drawn from male Sprague-Dawley rats into lOQmM 

10 EDTA-citrate containing 10 units heparin, and oentiifiiged 30 minutes at 1600 rpm at 
room temperature. The plasma was resuq)ended in 15ml buffer 1 (136mM NaC3, 
2.7mM KO, 0.42mM NaBjP04, 12mM NaH003, 2mM MgCSj. 2 mg/ml BSA (Sigma), 
5.6mM glucose, 22mM Na^CStrate pH 65) and platelets were isolated at 2200 rpm at 
room temperature of 25 minutes. Platelets were resuq)ended to lO'^ cells/ml in buffer 

15 2 (136mM Naa 2.7mM KCX 0.42 NaH2P04, 12mM NaHCO^, 2mM MgCS, 1 mg/ml 
BSA, 5.6mM glucose, 2QmM HEPES pH 7.4) and aUowed to "rest" for a mimmum of 
10 minutes at room tenqierature before use. 

Platelets were incubated for 5 minutes in the presence of inhibitor. In order to 
provide sufBdent intraoelhdar caldum to activate Calpain, the cakaum ionophore 

20 A23187wasaddedtoafinaloonomtrationQf l|iM. After a forther 5 minute 
incubation, the platdets were harvested fay centrifiigation (1 min 10,00Qxg) and 
resuspended in 10% sodmm dodecyl sulfate, lOmM Tris pH»8.0, 5% 
B-mercaptoethanol, 0.02% faromoph«iol hhie, and heated to 95"" C for 5 min. 
Samples were subjected to SDS-PAOE on 6% mini gels and transferred to 

25 nitrocelhilose (Schleicher and Schudl BA83) for 2 hours at lOOmA/gd in an LKB 

Novablot Filters were blodced for 10 minutes in 0.25% gdatin, 1% BSA, 0.25% Triton 
XlOO, 0.9% NaO, lOmM Tris-Q pH 75, incubated overnight in the same sohition 
contaimng antibody to rat qiectrin, washed 3 X 10 minutes with lOmM TUs-Q pH 7.5, 
0.5% Triton XlOO, incubated 4 hours in wash buffer phis alkalme phosphatase 

30 conjugated goat anti-rabbit antibody ^iorad), and washed as above. Filters were 

developed using the BioradAPooiyugate substrate kit Spectrin immunoreactivitir on 
the filters was quantitated by densitometiy. 

The inhibition of Calpam withm platdets as measured fay the proteotysis of the 
endogenous C^ain substrate spectrin in the presence of inhibitors was assayed for a 
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variety of Calpain Inhibitors. Ihe pooify penneant inhibitors leupeptin and E-64 had 
litde effect on intracellular Ca^ain. Jn contrast, the highfy membrane permeant 
Heterocyclic Compounds, Pq)tide Keto-Compounds» and Halo-Ketone Pq)tides 
^ectively inhibited platelet Ca^ain. 

Hie following Heterocyclic Compounds were found to produce significant 
inhibition at 100 |iM in the system of Example 4: 

3*diloroisocoumarin 

4-dbIoro-3-(3-isothiureidopropo(^)isocouniarin 
7*amino-4-chloro-3- 

(3-isothiureidopropaxy)isooouniarin 
7-(ben^icaxbamoylamino)-4^oro*3- 

(3*i80thiureidopropo39)isocoumarin 
7*(phenylcarbamqylamino)-4-chloro.3- 

(3-isothiureidoprop03cy)isocoumarin 
7-(acetylamino)-4-chloro*3- 

(3-isothiureidopropo37)isocoumann 
7-(3-phen^ropionylamino)-4-diloro-3- 

(3-isothiureidoprqpo37)isocouniariii 
7«0pheiiylaceiylanmio)^-dilQro*3- 

(3-isothiureidopropo37)isooouniar]n 
7-^phei9lalai9laniino)-4-Ghloro*3* 

(3*isothiureidoprqpaxy)isoooumarin 
7*(ben2ylcatbamo^ammo)-4-diloro-3- 

(3-isotfaiurddoethco7)isocoumarui 
7-(phenyIcarbamqyiamino)-4-diloro-3* 

(3*isothiureidoetfaoa7)isocouniarin 
7-(D-phenylalan^anuno)-4-cfaloro-3- 

(3-isothu]reidoethaxy)i80ooumarin. 
The following Halo-Ketone Peptides were found to produce significant 
inhibition at 100 |iM in the system of Example 4: 
Z-Leu-Phe-CH2a 
Ac-Leu*Phe-CH2a 
Z-Gty-Leu-Phe-CHZa 
Boc-Gfy-Leu-Phe*CH2CL 
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Hie following Fq)tide Keto-Compounds were found to produce signific a n t 
inhibition at 100 |iM in the system of Example 4: 

Z-Ala-Ala-D,L-Abu-CX)OEt 

Z-Ala-AIa*Ala-D,L-Ala-CCX)Et 
5 MeO-Suc-Ala-Ala-Fro-DJy-Abu-COOMe 

Z-Leu-Phe-CX)OEt 

Z.Leu-Nle.CX)OEt 

Z-Leu-Nva-COOEt 

2>Leu-Abu-CXX)Et 
10 Z-Leu-Abu 

Z'Leu-4-a-Phe-COOEt 

Z-Leu-Leu-Abu«COOEt 

2>Leu-Leu-Fhe-CX)OEt 

2-NapS02«Leu-Abu<XX)Et 
IS 2-NapS02-Lett-Leu-Abu-OOOEt 

Z-Leu-Met-CO^ 

Z-Lett*NLeu-CO^t 

Z-Leu-Fhe<X>^ 

2^Leu«Abu-CX}2Bu 
20 ^ Z-Leu-Phe-CX)^ 

Z-Leu-Abu«CX>^ 

Z-Ala-Ab-DJ^Abu-CXX)Bzl 

Z-Leu-Phe-OOOH 

Z-Leu-Abu-CXX>H. 

25 Among those compounds found to eodiifait Ca^ain inhibitory actndty in the 

homogenate system of Eicanqile 2» we found at least three compounds \riiich failed to 
exhibit Calpain inhibitory activity in the platelet system of Example 4. These 
compounds are leupeptin, MeO-Suo-Val-Pro-D,L-Phe-CX>OMe and Bz-DJLrPhe- 
COOEt LeupeptinisknowntobepoorfymCTibranep^meant, thusoonfi^^ 

30 the platdet assay will exdude known poorfy membrane permeant compounds. 

According, the two Pq>tide Ketocompounds found not to provide Ca^ain inhibitory 
activiQr within platelets are also believed to be poorfy membrane permeant, and would 

not be eq>ected to cross the BBB. 

EXAMPLE 4B 
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Quantitative Studies of Platelet Membrane Permeahility 
We perfonned additional quantitative or semi-quantitative studies on several 
Peptide Keto-Oompounds using the assi^ of Example 4A, except that IC^ values were 
determined as the concentration at whidi 50% of the Calpain activation present Jn 
5 controls occurred. Resuhs are shown in Table 4B. For the semi-quantitative assays, 
indicated with + 's in TaUe 4B, indicates detectable inhibition at 100 |iM, +** 
indicates significantly more inhibition than and "+ + mdicates no detectable 
activation of Calpain detected 
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TABLE 4B 

FJatel^ Assqr of Peptide Ketoamides, Ketoesteis and Ketoadds 



5 



Inhibitor 


1 




Z-Leu-Abu-COOEt 


42 


Z-Leu-Abu-CCX>nBu 


28 




Z-Leu-Abu-COOBz 


++ 


Z-Leu-Leo-Abu-COOEt 


40 


2-NapS02-Leu-Leu-Abu-COOEt 


100 


1 Tos-Loi-Leu-Abu-COOEt 


30 


Z-Leu-Abu-COOH 


8 


Z-Leu-Abu-CONHEt 


LS 1 


Z-Leu-Abu-OONHoPr 


70 1 


2:>Leu-Abu-CX}NQnBu 


2.0 1 


Z-Leu-Abu-CX)NHiBu 


28 1 


ZpLeu-Abu-CONHBz 


15 1 


Z-Leu-Phe-COOEt 


42 1 


Z-Leu-Fhe-COOnBu 


+ + + 1 


Z-Leu-Phe-COOBz 


1 


2>Leu-Leu-Phe-GOOEt 


+ + 1 


Z-Leu-Phe-COOH 


65 


Z-Leu-Fhe<X}NHEt 


1.7 


Z-Leu-Fhe-CONHnPr 


24 
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InUbitor 




Z-Lett-Phe-CX)NHnBu 


38 


1 Z>Leu-Phe<X>NHiBu 


22 


1 Z-Leu-Phe-CONH(CH2)2Ph 


3.0 1 


Z-Leu-NIe-GOOBt 


20 1 


Z-Leu-Nva-OOOEt 


40 


Z-Leu-Met-COOEt 


+ 


Z-Leu-4-a-Fhe-COOEt 


+ 



Table 4B shows that peptide a-ketoamides and ketoadds were much more 
effectwe than correqjonding peptide ketoestcrs in this platdet^ Brtendingthe 
R3 group to an alkyl group or an dSkyl group substituted with a phenyl group increased 
the membrane permeability of the inhibitors as indicated by inoreased potenqr in the 
platelet assay. In view of these results. Applicants bdieve that extending the R g^^ 
to inchide longer all^ groups or alkyl groups substituted with phenyl groups would 
increase the membrane permeability of a given inhibitor. 

In view of the foregoing, the results of Examples 4A and 4B support our belief 
that CII and the Substituted Hetmx^dic Compounds, Feptide Keto-Compounds and 
Halo-Ketone Pq)tides are believed to be membrane permeant and therefore, are 
expected to be effective in oossing the BBB subsequmt to invwo administration of the 
compounds. 

5. Gliitamate Toxidty 

To fiirther identify those Ga^ain Aihibitors likety to possess pharmacologically 
active neuroprotective ability, we tested the ability of the Ca^ain Lihibitors to protect 
against ^utamate eacdtotooddty. Excess extracellular glutamate is thought to play a key 
role in the induction of neuropathology in isdiemia, whidi is accompanied by Calpain 
activation. In si^port of this role for excess glutamate, cultured N18-RE-10S (a 
neuroUastoma-retinal hybriiQ odis can be killed fay the addition of glutamate into the 
culture medium, lliis glutamate-mediated cytotcoddty is calcium depraident and can be 
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reduced through a number of mechanisms, including firee radical scavengers, Uodcers of 
the N-^e voltage-sensitive calcium channel, and quisqualate-sublype glutamate 
antagonists. Thus,8|utamale^ediatedldIiiivofN18-RE-10S oellsisan jo^ ^ 
for neuropathology. 

5 According]^, we tested the ability of the Ca^ain Lihibitors to inhibit glutamate- ^ 

induced cell death in these cdls in order to establish that the Calpain Inhibitors can 
decrease or prevent ghitamate*induced death Of N18*R&105 cells. Some of these tests 
are shown in Example 5. 

EXAMPLES 

10 Miffliition of Glutamate^lhduced Cell Peath 

Stock cultures of N18-SE-1QS cdls were mamtained in Dulbeoco's modified 
Eagle's medium (DMEM) containing 10% fetal bovine serum ^S) and supplemented 
with hypcoranthine, aminopterin and thymidine (HAT). Subconfluent cultures were split 
and plated into 96-well plates. TWenty-four hours after plating the cells were exposed 

15 to fresh media containing ghitamate and various concentrations of Calpain inhibitors. 
Cbntrol cells were not treated with glutamate. The treated cells received SmM 
glutamate and leup^tin (S|ig/ml) or the other Ca^ain Inhibitors listed in Figure 1 at 
3|ig/mL ConversionofMTT was measured 19 hours later as described. Nineteen 
hours after the onset of esposme^ cdl viability was quantitated by measuring the extent 

20 to which the cells convert 3(4,5-dimethylthiazol-2-jl)-2-5-d5ihenyltetrazolium bromide 
(MTT) to a blue formazan product, which occurs in the mitochondria of living but not 
dead cells (Pauwels et aL, 1988). A higher absorbance is indicative of greater cell 
viability. 

Figure 1 shows the percent of blue formazan product remaming after treatment 
25 with glutamate, relative to control where no ^utamate was added. Thus, it can be sem 
that with vehide plus glutamate but no inhibitor, less than 70% of the mitochondrial 
activity remains. However, Figure 1 shows that several Ca^ain inhibitors, induding 
leupq)tin, CIl and rqjresentatives of the Heterocydic Compounds, Peptide Keto- 
Corapounds and Halo-Ketone Peptides protect N18-RE-105 cells against glutamate * 
30 tooddty. The Pq)tideKeto-CompoundQdpain inhibitor, 2^Ala-Ala-^^ 

Substituted Heterocyclic Compounds, dlPrOIC and ACEIICi and the Hato-Ketone 
Peptide, TPCK complete^ blocked the toxic effects of glutamate, resulting in 100% or 
greater of the formazan product as seen with cdls not treated with ^utamate. Thus, 
Example 5 shows that these Ca^ain Miihitors effective blodc cdl death in an mnttP 
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modd for neuropathology. Acoordine^, this data fiirther supports our di^^ 
Cal^am Inhibitors are neuropiotecthre in vivo. 

6. Rcdnrtton of IntarctioniqKm MCA Occlusion 
Strolce is a significant health problem in flie human population. Strokes are 
5 occlusions of c^ebral arteries producing a decreased blood flow to brain regions, which 
cause cell death throu^ oxygen and nutrimt dqirivation. Ihis type of lesion can be 
moddedinratsbysurgicaloodusionof the middle omfaralartecy (MCA). Several 
models for MCA ocdudon have been developed, and all give substantially simibr 
results. 

10 MCA ocdusion produces a laige vohune of infiucted brain tissue 24 hours after 

ocdusion. Previous studies have shown that the size of the in£arct as judged by TTC 
staining does not increase aft^ the first 24 hours post-ocdusion. Thus, we used an 
MCA ocdusion modd in order to test the ability of Ca^ain inhibitors to prevent 
neurodegeneration. This modd is described in Example 6. 

IS EXAMPLE6 

MCA Ocdusion Model for Neurodey eneration 
Male Sprague-Dawley albino rats we^gfiing appnxdmatefy 250-300 grams were 
anesthetoed with pentobarbital (70 mg/kg, ip.). The nedc region was shaven and a 2 
cm incision was made. The superficial &scia was teased away with tissue foroq)s and 

20 blunt tip tissue scissors using a spread method. The right common carotid artery was 
isokted away from the vagus ner^e and tied offwith a single smure (3.0 silk). The 
external carotid was pmoianentty ocduded fay suturing. Tlie bifurcation of the internal 
carotid and pterygopalatine arteries was exposed and a smgle microaneurym cMp was 
placed on the pterygq)alatine. Another microaneurysm dq> was placed on the common 

25 carotid just proximal to the externd/internd bifurcation. A suture was placed loosdy 
around the common carotid and a lumen was made in the vessd with the tq) of a 2Sg 
needle. A 40 nun nylon suture was prqmred by mdting the tq) to smooth the pointed 
end and marked with a dot exactly 17.5 mm from the mdted end. Thesuturewas 
inserted into the himen of the artery as fur as the vessd dq>, the dip is removed and 

30 the suture advanced until the marking was at the bifurcation of the internal and 

external carotid arteries. This places the end of the suture in the drde of Willis just 
b^ond the source of the middle cerd>ral artery and oodudes this artery. The loose 
suture around the carotid is tied lightly to keqp the nybn suture in place. The 
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miaoaneiuysin on the pteiygopalatine artery was removed, the incision is closed 
and the animals are allowed to recover in heated recoveiy cages. 

IWentys-four hours after occlusion, the brains of these animals were ronoved 
and sliced into 2omi sections. The sections were stained using 23,5- 
5 triphenyltetrazolium chloride (see Lundy, EF, Solik, BS, Frank, RS, La<y, PS, Combs, 
DJ, Zelenock, GB, and D'Ale(y, LG, Moiphomettic evaluation of brain infarcts in rats 
and gerbils,/. Pharmacol Meth. 16,201-214, 1986). Absence of red color development 
indicated tissue damage or death. The sfees of the infarcted tissue zone (area with red 
stain) and impaired zone (area with partial development of red color) w«e evaluated 

10 using quantitative morphometry. 

Drugs or vehicle were administered by infusion into the femoral vein. All 
animals received the same volume of drug or vehicle (20% dimethyl sulfQxide/80% 
propjiene glycol) via a catheter attached to an Alzet osmotic minq)un^ (24 hr pump, 8 
ul/hr, 90 ul total volume). 

15 The model of Exan^le 6 was used to determine the size of infarcted area for 

control (vehide, Lv.) and with administration of each of two Calpain inhibitors: Z-Leu- 
Phe-CONH-Et (CX269) and Z-Leu-Abu-CONH-Et (CX275). These results are 
dq)ictedgraphicaltyinFigure2. It can be seen that administration of either of the 
Calpain inhibitors Z-Leu-Phe^NH-Et (CX269) or Z.Leu-Abtt-CONH-Bt(CX275) 

20 produces a reduction in the size of the infarcted area. 

7. Inhftition Anoxic and Hypoxic Damage 
The CAl region of hq)pocampus is a brain area particular^ vubmahle to 
ischemic damage and other insults involving exdtatoty amino adds. The hippocampus 
is also a major focus of cdl degeneration in Alzheimer's disease. Neural cdls in slices 

25 degenerate following hypoxia through the same chain of events (including reperfiision 
effects) observed in vivo during and afta ischemia. We believe that studies of 
degeneration of neural slices in the presmoe of the various Ca^am Inhibitors is an 
effective indicator of the membrane pomeanoe of the Calpain Lihibitors. According^, 
we believe that these studies provide a modd for Ae treatment and inhibition of 

30 neurodegenerationiELHsai. SimilarstudiesfDrdeterminingtheefGcaqr of compounds 
useful in the treatment of neurod^genetatron in accordance with the present invention 
can be performed using other modds, audi as protection against degeneration in 
platdets or cdls in culture. 
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It is believed that hypoxia is a major cause of neurotoxicity in a variety of 
neurodegenerative diseases and conditions^ such as stroke and head injucy. Thus, we 
conducted furth^ studies using h^jpocanqud slices to show that the various Calpain 
inhibitors, advantageous^, can increase survival of hq^pocanqpal nerve cells during 
5 eoqsosure to hypoodc or anosdc conditions. An initial screening procedure was first used 
to qualitative^ determine whether the various Calpain Inhibitors can provide 
neuroprotection from anoria in Uppocan^ial slices. An example of these initial 
screraing procedures is shown by Example 7Au 

EXAMPLE 7A 

10 Initial Screen for InhiTiitiQn of Anmric Dami^g^ 

Hippocampal sUces (400 um) were prepared from Sprague Davidey rats (6 to 7 
weeks) and maintained in an inteEfeu^e chamber at SS^'C using conventional techniques, 
Le., tiie low^ surface of the slke received a constant perfusion (05 mi/min) of ACSF, 
while the upp^ surfisce was exposed to a moist atmosphere of 02:C02 (95%:5%) 

15 exchanged at a rate of 2 L/min. The ACSF medmm contains (in mM): Naa(124), 

KQ (3), KHPO4 (25), Caa2 (3.4), NaHCX>3 (26) and IX^ucose (10). Field excitatory 
post-^aptic responses were recorded from stratum radiatum of CAlb in response to 
stimuhtionof Schaffo^onunissuralfibminCAlaorCAla The dq>th of the 
recording dectnxle was optimized and evoked responses were collected at a rate of 

20 one evoked req)onse eveiy 30 seconds. 

For the initial sareening procedure, 14 to 16 slices are harvested from the 
hq)pocampus of a single rat and placed ma common ACSF bath. Eadi slice is tested 
in sequence to determme the magnitude of its pre-anoodc evoked response. Five 
stimulation pulses (each 0.1 ms (millisecond) in duration) were presented over a 15 

25 second interval The largest evoked refuse was noted and recorded for each slice. 

Following this, the slices were Incubated for one hour, with either drug or 
vehicle alone added to the ACSF. After the one hour drug incubation period, the 
oigrgen*enriched atmo^here of the chamber was made anoxic by substituting nitrogen 
for 03cygen (N2 « 95%; CO^ = 5%). Hie slices were retained in this anmic 

30 environment for 10 minuteSi following which the oa^gra-enridted atmosphere (O^ « 
95%; CO2 « 5%) was reestablished 

The slices were ghren the opportuni^ to recov^ for 30 minutes following 
reojQTgenation whoreupon eadi was stimulated and the maximum evoked potential 
determined, as described above during the pre*anaxia period Those slices which, after 
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anaxia, produced a maximum evoked potential of greater than 50% of that observed 
prior to anoxia were defined as surviying dices. 

Results of the studies of Example 7A are shown in Figure 3. Figure 3 shows 
the effects of CX218 (Z-Leu.Abu-C02Et, a Peptide Keto-Compound), and Cll relative 

5 to control slices on survival of h5?>ocampal slices eqwsed to 10 minutes exposure of 
anooric atmoq»here. As seen in this figure, when the control sUces are deprived of 
oxygen for 10 minutes in the absoice of drug, virtualty all fail to survive, as measured 
by their ability to elicit 50% of their pre-anoxia evoked response. Li accordance with 
Ais finding, few if any recover upon recotygenation. Figure 3 also shows that when Cll 

10 or CX218 are added to the ACSF, the slices are protected from the effects of anoxia, 
evidmced by a substantial proportion of dices eliciting evoked potentials. 

Finally, it can be seen that C3Q18 is significantly more effective in protecting 
against anoxia and preventing degradation of slices at the mininoal 1 hour incubation 
time, and at lower concentrations than C3L This effect is bdieved to be due to the 

15 st^oior monbrane permeance of the Pq>tide ^to^^on^ounds. 

Table 7A shows fiirther data from Ae studies of Eniqile 7A 
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TABI£7A 

PERCENT OF SLICES SURVIVING TEN MINUTES ANOXIA 
ComDSyod Soa&XuM) Licubation Time ^sm^ 



Control — Ihour <i% 

5 Leupeptin 1000 3 hours 50% 

CIl 200 2 hours 53% 

CX13(SHC) 20 Ihour 50% 

CX89 (CKP) 50 Ihour 50% 

CX218 (FKC) 100 1 hour 70% 



It can be seen from the dau in TbUo 2 that aU of the CUpain Lihibi^ 
provide incawased survjyaL CX13 (ACmc; a Substitoted Heteroqdic Compound 
(SHQ), CX89 (Boo-Gfy-Leu-Fhe-C^a a Halo-Ketone Peptide (HKP)) and CX218 
((Z-Leu-Abu-0Q2Et, a Peptide Keto-Compound (FKQ), are each shown to be highly 
efEective in influacmg sunnval times. Leupeptin is seen to be the least effective 
neuroprotective. Hius, we believe that CX13, CXB9 and CX218 (Z-Leu-AbihCQ2Et) 
are more ^Bctive in influencing survival because of thdr membrane penneahiltt^. 
Aocordiogl^jr, the results shown in lUde 7A support our belief that C^ain Inhibitors 
with membrane pomeability are eSective neuroprotectants. 

To fiirther ducadate the ahili^ of Calpain Inhibitors to provide neuroprotection 
to h^jpocampal slices, and to provide a more quantitative indication of the membrane 
pKmeahOity of these Ca^iain Lihihiton; we measured the effect of various CUpain 
Inhibitors cm the evoked response on a un^ nonmal siioe before, during and aSta 
anoxia. These studies are shown in IBmmple 7B. 

EXAMPLE 7B 
Inhibition of Anorie nrnnapa 
As in Enmple 7A, h^)pocan^ dices (400 lun) were prqiared from Sprague 
Dawl^ rats (6-7 weeks) and maintained in an hitabce chamba at 35* C ushig 
conventional tedmiques, ie. the tower sut&ce of the slice received a constant peifiision 
(0.5 ml/min) of an artificial cerebrospinal fluid (ACSF), while the upper sur&ce was 
closed to a moist atmosphere of OjtCOj (95%:5%) enhanged at a rate of 2 L/min. 
llie ACSF medium contains (in mM): NaQ (124), KQ (3), KHFO4 (1.25), M8iS04 
(2.5), CaOj (3.4), NaHCOj (26) and D-Ohicose (10). Field egEdtatoiy post-synaptic 
reqxmses were recorded from stratum radiatum of CAlb in reqxmse to stimulation of 
Sdiaffer-commissural fibers in CAlaorCAlc. The dqidi of the recording electrode 
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was optiinized and evoked responses were collected at a rate of one evoked response 
every 30 seconds. 

Afisr establi^g a stable baseline of evoked responses (approximate^ 10 
minutes), ACSF containing Calpain Lihihitor was washed into the chamber and slices 
5 were incubated for a period of one hour. After incubation, evoked responses were 
again recorded and the change in the amplitude of the responses from baseline levels 
was noted. No effect of the inhibitors tested on baseline evoked reqionses was 
observed. 

For anoxia oqperiments, incubation in the drug-containing medium was followed 
10 by replacement of the 02:CX>2(95%:5%) atmosphere with N2:C02 (95 Slices 
were exposed to this anoxic environment until disappearance of the pre*synaptic fiber 
volley and for two minutes (severe anoxia) longer (total time in anoxic ^ivironment 
approximately 7-8 minutes in control case). Effects of Calpain Inhibitors on the 
functional recovery of the slices after the anoxic qpisode were then measured. 
15 Recovery of the evoked potential (EPSP) slope and amplitude fay the drug treated 
slices can be compared to control slices to determine the rdative efScaqr of various 
Ca^ain Inhibitors. 

Figure 4 shows the EPSP amplitude in millivQlts foT control, CEl treated and 
CX218 (a Peptide Keto-Compound) treated h^pocampal slices in the studies of 

20 ExampleTB. It can be seen in Figure 4 that the conind dices dqirived of o^grgen in 
the absence of drug display a gradual reduction of EPSP and abnq>tfy lose fiber volley 
activity about 5-6 minutes after the beginning of anoxia. Reo^genation Rtffl^^>efp)^e 
this point leads to complete fiuKrtional recovery after about 20 minutes of 
reoxygenation, but reoig^gaiation after this point does not la the latter case the 

25 recovered EPSP slope and amplitude become progressive^ reduced as the duration of 
anoxia post-fiber volley disappearance ^wst-FVD) increases. After severe anoxia (2 
minutes post-FVD), slices recover onl^ 15% of the EPSP slope. 

In contrast to the contrd dices, recovery begins to occur shorty after the end of 
anoxia for the treated slices. Figure 4 shows a comparison of the ^ects on EPSP 

30 amplitude produced in die presence of no inhibitor, the Pq)tide Keto*Compound, 

CX218, (Z^Leu-Abu-002Et) and CLt CSQIS produces a recoveiy from severe anoxia 
superior to that seen with Ql. 

Figure 5 shows the percent recovery of EPSP from severe fagpoxia using the 
peptide ketoester CX 216 (Z-Leu-Phe-CQ2Bt) and its corresponding peptide 
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ketoamide CX269 (Z-Leu-Phe^NH-Et). These studies were perfonned in a manner 
amilar tt> that of Exaaqde 7B, except using a hypoadc environment in place of the 
anoxia of Exan^ 7B. ft can be seoi that use of the pq>tide Icetoamide results in 
essentialljr oonqilete (near 100%) reoov«y frinn Iqipada while the peptide ketoester 
produces a partial reooveiy. The control dices eaqperienoed little or no recoveiy. 

An interesting ciiaracteristic that we have discovoed for certain Call^ 
Lihibitors is thdr ability to lengthoi the poiod of exposure to anoxia required to 
produce fiber vallqrdis^)pearance(E^). lypicalfy, under control anoxia conditions, 
fiber vollqr disappearance occurs in less than six mmutes (Figure 6). The Peptide 
I^o-Cnnpound, CX-216, substantiatt^ lengthens the period of o^ure to ancada 
required to produce FVD. This is an important advantage of the use of this Peptide 
Keto-Compound for nmroprotecticm because alioes can be eaqiected to recover 
compIete|)r if reoxygenated before fiber volley disappearance. Thus, treatment with this 
Peptide Keto-Compound is txpeded to produce a greats percentage of recovoy of 
cdls from incipient neurodeseneratbe conditions. It is believed that other 
rqiresentatives of the Peptide Keto-Compounds as weU as of other classes of Calpain 
LihibitorB also provide Ais ^foct. 

Table 7B shows die paecenta^ of recovery of pre^noxia synaptic transmission 
(evoked potential anqilitude) of slices treated with various Qi^ain Lihibitors or of 
contnd slices. All of these slices were egqx»ed to tm minutes of anaoda according to 
the protocol of Exan^le 7B. 
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TABLETS 

PERCENT RECOVERY OF SYNAPHC TRANSMISSION AFTER ANOXIA 





Copc?ntffltiPA 


% Recovery 


Control 




15 


ai 


200 


35 


CXI3 (SHC) 


20 


60 


CX89(CKP) 


50 


30 


CX216 (FKC) 


100 


38 


CX218 (PEC) 


100 


55 



10 The lesults shown in TaUe 7B provide further evidence that the peptide 

aldd^e, C31, as well as the Substituted Heterocyclic Compounds, Peptide Ifeto- 
Conq)ounds and Halo-Ketone P^tides are sufficiently mraihrane penneant to provide 
neuroprotection through Calpain inhibition. 

CEl, vriiidi is at least partially membrane pomeant, produces some eEfecti 

15 howev^, does not gi gnlfifMn tiy lengthen the period of annia required to suppress 

electrical activity. Ifaus^ compared to control, or evoi compared to leupeptin and dl, 
the Substituted Heteroqrdic Conqiounds, Pq)tide Keto-Compounds and Halo-Ketone 
Peptides can increase the degree of recoveiy after anoxic q»isodes while producing the 
additional advantage of extCTding the amount of time slices can tolerate anooda (and 

20 thereby recover oon^dete^). 

An important eEGect of die Peptide Keto-Compounds and other mraibrane 
penneant C^ain Inhibitors is that they are signiGcantfy more eEfective in lower doses 
than less peimeaUe C^ain Inhibitors sudi as CO. Although CEl is shown to be at 
least some«4iat membrane penneant due to its abiliQr to affect slice survival, the more 

25 membrane-petmeant inhibitors provide significant^ increased protection. Thus, the 
more highly membrane-permeant Ca^ain Inhibitors are bdieved to be especially 
effecthre in treatiiig and inhibiting neurodegeneration* 

Hie results of die studies of Examples TAand 7B show that the Substituted 
Heterocyclic Compounds, Peptide Keto-Con^unds and Halo-Ketone Peptides are 

30 membrane^pmneant CU^ain fiihibitors ^riiidi are believed to be espedalfy effective in 
treating and inhibiting neurodegmmuion. The results also show that Peptide Keto- 
Compounds, and perhaps represmtatives of other dasses^ can extend the duration of 
anoxia required to suppress dectrical activity in hippocam^^ As discussed 
above, these ^ects are important advantages of these compounds. 
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8. In Vivo NenropratecCioii 1^ Calpain Inhibitors 
As discussed above, thmpeutics useful for influencing the function of cells 
within the CNS must cross the BBB to reach their targets within the CNS. Non-BBB 
penneant compounds mi|^t» In addition to the brain infusion techniques described 
S above, be administered via intravoitricular administration, but this also severely limits 
their usefidness in practice. In order to test the in vivo effectiveness of the Calpain 
Inhibitors to cross the BBB and become ther4>euticalfy usdul, we tested the ability of 
intraperitoneal injection of the Calpain Lihibitors to protect against excitotoxic damage 
lOLXQQ. Protection was measured fay evaluating chaqges in bdiavior of rats after 
10 injection with katnate. Ihese studies are shown in Example 8A. 

EXAMPLE 8A 

Protection Against Behavioral Changes from Excitotoxic Damage bv Peripherally 

Administered Catoain Mubitors 
Rats (male Sprague-Dawley, 200±5 gms) w^e injected intraperitoneally with 
IS 12mg/kg kainic add in saline vehide and ether 200|d DMSO (dimetfaylsulfoxide) or 
4.6mg calpain inhibitor dissolved in the same volume of DMSO. The rats were 
observed for six hours following the injections and the kainate-induced behavioral 
symptoms and convulsions scored on a scale of 0-6 (0»no symptoms; 1 ^wet dog 
shakes; 2ssaI]vation and chewing; S^Bt least one convulsive episode; 48repeated or 
sustained convulsions; 5«convulsionSy induding rearing and falling 6»convulsions 
followed by death within the 6 hrs post injection). 

Figure 7 shows the effects of CIl on the behavioral and convulsive effects of 
kainic add In the control group, over half the anhnals showed symptoms greater than 
mild behavioral ^ptoms, and many exhibited overt convulsions, presumably reflecting 
seizure activity within the brain. Uneqiectedly, in the inhibitor treated group, the 
inddenoe and severity of convulsions was reduced. Thus, this data suggests that 
Calpain Inhibitors have an anti-convulsive effect. This effect is a distinct advantage in 
the use of Calpain Ihhihitors in q)liq>sy*rdated neurodegenerative conditions and in 
stroke, which is often accompanied by seizures. 

In order to more dearfy demonstrate that the behavioral and anti-convulsive 
effects seen with the Calpain Mubitors result from inhibition of Calpain we tested the 
brain tissues of the rats from Example 8A for accumulation of spectrin BDP's. As 
discussed above, these BDF's are assodated with Ca^ain activity and with the 
neurodegenmtion assodated therewith. 
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EXABfFLESB 

Protection Against Spectrin Breakdown from Exritotaric 
Damage bv Peryherallv Administered QJpain Inhibitors 
Four days fdlowing the injection of kainate in the rats from Bx^ ^ 
5 brains of the rats were removed and assi^ed for ^ectiin BDF's. Spectrin BDPs were 
assayed by homogoiizing brain parts in 20mM Tris pHs?^ 32M sucrosei 50|iM Ac- 
Leu-Leu-hLeu*H on ice. Homo^iates were mn^d 1:1 with 10% SDS, S% 
B-mercaptoethanol, 10% glycerol, lOmM Tris p09«»8.O| 05% bromcq[)henoihhie» heated 
to 95'*Q and suligected to decbrophoresis in 4-1/2% pol^faaylamide gels. The proteins 
10 in the geb were transferred to nitrooelbdose and the spectrin and BDFs detected using 
a rabbit pofydonal anti-spectrin antibody and established immunodetection methods. 
The amount of spectrin and BDPs in each sample was quantitated fay den^ometric 
scanning of the devdqied nitrooelhilose. 

Figure 8 shows the results of Example SB. It can be sera that kainate 
15 stimulated the breakdown of qiectrin in both Ca^ain Inhibitor treated and control rats. 
However* treated rats exhibited significant^ less BDFs. These results verify that 
Ca^ainacthd^ in the brains of die treated rats was reduced An unesqiected 
observation was that even tiiose treated animals that exhibited severe seizures had 
significant^ less qiectrin breakdown than untreated aninialssulg Thus 
20 Ca^ain Inhibitor treatment reduced both the behavioral/convulsive effects of kainate 
and the activation of calpam in the most severe^ aflSected animals. 
9. Conclusion 

AH of the foregoing studies support our disoov^ that Galpain bhibitors 
provide in vivo protection against neurodegen^ation associated with anoxia, 

25 excitotoxidly and odier causes. Thus, these Ca^>ain inhibitors possess neuroprotective 
activity against a variety of in vivo neurode^erative diseases and conditions, induding 
wdtotcsddty, HIV-induced neuropathy, ischemia following denervation or injury, 
subarachnoid hemoiriiagey stroke, multqile infarction dementia, Alzheimer's Disease 
(AD), Huntington's Disease, Parkinson's Disease, surgeiy-rdated brain damage and § 

30 other pathological conditions. 

Those Cai^ain Inhibitors whidi possess significant Calpain Ihhibitoiy activity sk 
vitro and also meet at least one of tiie foregoing or different tests for membrane 
permeability are excdloit candidates for treatm«it of neurodegeneration. 
G. PRUQPELIVEFY 
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Hie ahility of the various Ga^ain bhihilors to pmetrate plasma membranes is 
a significant advantage of these conqxsunds from a pharmaceutical per^ectiv& We 
believe that this ability, advantageous^, allows the Calpain Inhibitors to provide 
eoKdintpenneation of the blood-brain barrier. Ihb is in contrast to many 
5 phannaoeuticals, eapedall f pqstides, which often exhibit poor penneation of the blood- 
brainbarrier. ll&us, we beUeve that the C^ain Inhibitors wiUeadiibitexce^ 
as phaimaoeuticalfy neuroprotective agents. 

For treatmoit of neurodegeneiation, die Ca^ain Bdiibitors can be administered 
oralljr, topically or parenteralljr. The term 'parenteral" as used herein includes all non- 
10 oral deliveiy techniques including tnuisdmnal administration, subcutaneous injection, 
intravenous, intramuscular or intrastemal injection, intrathecal injection (directly into 
the CNS) or infusion tedmiques. 

Ihe dosage depends primarily on the flpedfic formulatbn and on the object of 
the thmpy or proph^axis. The amount of the individual doses as well as the 
IS administration is best determined by individual^ assessing the particular case. 

However, in preferred compositions, the dosages d Calpain Lihibitors per day are 
preferably in the range of 1 |tg/kg total body mass to 100 mg/1% total body mass, more 
preferabfy in the range of 10 |ig/kg total body mass to 10 mg/kg total body mass* 

The pharmaceutkal compositions containing the acthre ingredient may be in a 
20 form suitable for oral use, for eiample as tablets^ trodies, lozenges, aqueous or oily 

suspensions, di^)mible powders or granules, emulsions, hard or soft capsules or ^ps 
orelirirs. The amount of acthw ingredient that may be combined with carrier 
materials to produce a single dosage form will vary dqiending upon the host treated 
and the particular mode of administration. However, typically, a single dose will 
25 contain sufGcimt Calpain Inhibitor to provide a complete day's dosage in a single orally 
aocqitaUe form. 

For injection, the therapeutic amount of the Ca^ain bihibitors or their 
pharmaoeuticalty acceptable salts will normally be made by subcutaneous injection, 
intravenous, intramuscular or intrastemal injection, or fay intrathecal injection (direcdy 
30 into the brain). In order to provide a single day's dose with a single injection, the 
pharmaceutical compositions for pamteral administration will contain, in a single 
dosage form, from about 70 |ig to about 7 g of Calpam &ihibitor per dose of from 
about 03 ml to about 1 liter of carrier sohition. In addition to the active ingredient, 
these pharmaceutical compositions will usualfy contain a buffer, e.g. a pho^hate buffer 
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that keeps the pH in the range from 35 to 7 and also sodium chloride^ and can also 
contain mannitol or sorbitol for adjusting the isotonic pressure. In a preferred form of 
these oompositionSi DMSO or other organic solvent is added in order to assist the 
introduction of the Ca^min Inhibitor across membranes. 
5 Additional]^, Iqpids can be introduced into the pharmaceutical compositions in 

order to facilitate entry of the r'jii pain inhibitor compounds into tissue of the CNS. 
These compositions are prepared in accordance with methods known to those of skill in 
the art. Brie% a l^id such as» phosphatidyl choline, cholesterol, oth^ well-known 
lipid carrier or mixtures thereof is mixed with the active compound atong with a 

10 solvmt, the solvit is dried off and the niaterial reconstituted in saline. The 

compositions can also indude other ingiredients known to those of ordinary skill in the 
art, such as det^g^nts, surfactants or emulsifying agmts. 

A oonqxisition for topical aj^dication or infusion can be formulated as an 
aqueous solution, lotion, jelly or an oily solution or suspension. A composition in the 

IS form of an aqueous sohition is obtained fay dissolving the Calpain Inhibitor in aqueous 
buffer solution of pH 4 to 65 and, if desired, adding a polymeric binder. Anoify 
formulation for topical application is obtained fay suspmding the Ca^ain Inhibitor in 
an oil, optionally with the addition of a swdling agent such as aluminium stearate 
and/or a surfactant. The additk)n of DMSO to these topical compositions is bdieved 

20 to allow at least partial penetration of the active Calpain Bihibitor into the Uood 
stream after application of the composition to the skin of a patient to allow for 
transd^mal administration. 

For treatment of neurodegweration resulting from excttotoridty, HIV-induced 
neuropathy, ischemia following dra^vation or injury, subarachnoid hemorrhage, stroke, 

25 multiple in&rction dementia, Alzheun^s Disease (AD)^ Huntington's Disease, surgery- 
related brain damage, Parkinson's Disease, and other pathological conditions, the 
Qdpain Inhibitors or pharmaceutical^ aoo^taUe salts th^eof may be administered 
orally or parenterally. The dosage dqioids primarify on the specific formulation and 
on the ofagect of the therapy or proph^aads. Theamount of the individual doses as well 

30 as die administration is best determined fay individual^ assessing the particular case. 

In many acute neurodegenerative conditions and events, such as stroke and 
head injury, it is io^ortant to deliver the Calpain Inhibitor as soon after injury as is 
practicable. Thus, it is prefecable to identify those individuals who have suff^ed 
stroke, head injury or other injuiy in which neurodegeneration is associated or is liket^r 
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to occur, and to begin administration of a Calapin Inhibitor within 1 minute to 2 hours 
after the event, in ordor to prevent as much neurodegeneration as possible. 

A particular application of the Calpain Inhibitors within the scope of the 
present invention is the q^Iication of these compounds during surgery to prevent 

5 neurodegeneration associated therewith. For example, for surgeries performed under 
general anesthesia, hypoxic conditions can occur through inadequate perfusion of the 
CNS while under anesthesia. Additional^, mai^ major surgeries of the cardiovascular 
system require that a patient's heart be stopped and that p^fiision be maintained 
through artificial means. In such sur^ies, there is an inoreased dang^ of hypoxia 

10 occurring within the CNS, whidi can also result in neurodegeneration. Moreover, 
during neurosurgeries, there is an inherant li^ of neurodegmeration resulting from 
inflammation, bleeding, hemorriiaging and the like. Sudi neurodegeneration can be 
inhiUted by infusion with a solution containing C^ain Inhfl^ However, 
neurodegeneration resulting from neurosurgery can also be reduced prophylacticalfy by 

15 administration of a Ca^ain Inhibitor through any of the foregoing administration 
techniques. Such administration is also believed to inhibit or prevent 
neurodegeneration associated with the use of anesthesia or with the use of artifical 
means of perfosion during major surgeries. A surgical patient can also have Ca^ain 
Inhibitor administered throu^out surgery through intravenous dnp. 

20 The following examples are intended to illustrate certain neuroprotective uses of 

the Ca^ain Inhibitors within the scope of the present invention. As sudi, th^ are not 
meant to limit the invention in any way. 

EXAMFLE9 

A Neuroprotective Composition for Intravenous Ii^jectton 
25 500 tig CHSOONH-CiTPrOIC from Example SHC2 
4 ml Propylene Gfycol 

1 ml DMSO 

EXAMPLE 10 

A Neuroprotectwe Composition for Intravenous Drip 
30 250 mg Z-Leu-Phe-CONH-Et from Example PKC 47 
1000 ml Pho^hate Buffered Saline (pH 6.0) 
10 ml DMSO 
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EXAMPLEll 

A Neuroprotec tive Composition for Transdermal Aoplicatjon 
25 mg Z-Leu-DL-Abu-COOEt from Example FKC19 

3 ml Phosphate Buffered Saline 6.0) 

S 2ml DMSO 

EXAMPLE 12 
Neuroprotectio n after Head Iniurv 
A fiist group of patients who are viccims of head trauma is given 2 ml of the 
injectable composition of Example 9 intravraoust|r within ten minutes ci the time of 
10 injury. A second group of simHarfy matched patimts does not receive the composition. 
The first group of patients exhibits marked^ fewer and less severe outward symptoms 
of neurodegeneration, sudi as dementia, mOTiory loss and panifysis. 

EXAMPLE 13 
Neuroprotection During Sureerv 
15 Apatient about to undergo a tri^ bypass heart surgery is administered 500 ml 

of the composition of Example 10 per hour using an intravenous drip system. During 
surgeiy» the patient's heart is slopped and perfusion continued through artificial means. 
Althou^ complications develop ^iMe restarting the heart and disconnecting the patient 
from the artificial means of perfusion, die patient becomes conscious within several 
20 hours of surgery. Widiin a few days» the patimfs nimtal status is normal with no 
indications of neurode^neratkm. 

It will be qipredated that cotain variations may suggest themsdves to those 
skilled in Ae art The foregoing detailed desa:qption is to be dearfy understood as 
given by way of ilhistration, the spirit and scope of this invention being interpreted 
25 through refermce to the appended daims. 
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WHATBCLATMEPyS: 

1. Use of a Calpain inhibitor oon^iound or a phannaceuticaliy aoo^tahle 
salt or derivative thereof for the manufacture of a medicamrat for mhihjting or treating 
neurodegeneration in a mammal having or Ukeiy to experience a neuropathology 

5 associated ^th neurodegeneration. 

2. Ihe use of Claim 1, wherein the neurodegeneration is occurring due to 
eiGdtotaxicily, HIV-induced neuropathy, isdiemia, draervation following ischemia or 
injmy, subarachnoid hemorrhage, stroke, multqde inflEUXtion dementia, Alzheimer's 
Disease, Huntington's Disease, or Parkinson's Disease. 

10 3. Iheuseof Claim l,iK^erein the medicament comprises a 

pharmaoeuticalfy aocqstaUe carrier and is for parmteral administration. 

4. The use of Claim 1, herein the medicammt is in a form suitable for 
oral use. 

5. The use of Oaim 3, wherein the medicament is for transdermal 
administration, subcutaneous injection, intravCTOUS, intramuscular or intrastemal 
injection, intrathecal injection direct^ into the CMS or infusion. 

6. The use of Oaim 1, Unrein the medicament is for substantially 
preventing neurodegeneration in a patient undergoing surgeiy during and subsequent to 
the surgery. 

7. The use of Claim 6, wherein the medicament is for a patient undergoing 
neurosurgery, cardiovascular surgery or a surgery using general anesthesia. 

8. The use of C3aim 1, wherein said Ca^ain inhibitor compound enters 
tissue of the CNS of the mgmmal. 

9. The use of Oaim 8, wh^ein said Calpain inhibitor compound is 
membrane-permeant 

10. An iojdtca method of sdectmg Calpain Lihibitors for use as Calpain 
Inhibitor protectants in the in vivo treatment or inhibition of neurodegoieration, 
conq>rising: 

identifying compounds having Calpain inhibitory acthiily in vitro: and 
identifying those compounds with Ca^ain inhibitory activity that are 
membrane permeant throu^ an in vitro assay for mmfarane permeance. 

11. The method of Oaim 10, wherein the iiLatis assay for membrane 
permeance comprises: 

providing a plurality of tissue portions from a manunal; 
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treattng at least one^ but not all, of the tissue portions with a Calpain 
Inhibitor; 

subjecting the tissue portions to an event that can cause degeneration in 
untreated tissue; and 

5 measuring the amount of degenmtion that occurs in the tissue portions; 

and 

comparing the amount of degeneration that occurs in the treated tissue 
portions with the amount of degeneration occutriiig in the untreated tissue 
portions, 

10 wherein an amount of deg^mtion in the treated tissue portbns less than the 

amount of degeneration m the untreated tissue portions indicates that the Calpain 
Inhibitor is mmfarane-pecmeant 

12. The method of Ciaun 11, wherein the tissue portions comprise brain 

slices, platelets or cells in culture. 
15 13. Ihe method of C3aim 11, whmmtfie measuring step comprises 

analyzing the tissue portions for die presence of the BDPs of a cytoskeletal 

oon^noit. 

14. Hie method of Claim 13, wherem the cytoskeletal component is spectrin, 

MAP2, actin binding protein or tau. 
20 IS. The method of Oaim 11, whorein the measuring step comprises 

measuring the dectrical activ&y of the tissue portions. 

16. The method of Claim 11, wherein the joj!;^ assay for membrane 

peimeanoe cowpnses measuring the ability of the Ca^ain Inhibitor to pmetrate 

platelet membranes and inhibit endog^ous Ca^ain of the platelets. 
25 17. Use of a Substituted Heterocyclic Compound or a pharmaceutical^ 

aooqitahle salt or derivathre thereof for the manu£Eu:ture of a medicament for inhibiting 

or treating neurodegmeration in a mammal having or likely to eaqperience a 

neuropathology associated widi neurodeg^eration. 

18. The use of Claim 17, wherein the medicament is for inhibiting or 
30 treating neurodegenmtion of the CNS. 

19. The use of Oaun 17, wherein said Substituted Heterocyclic Compound 
comprises a member of the Class I Substituted Isocoumarins. 

20. The use of Oaun 17, wherem said Substituted Heterocydic Compound 
comprises a member of the Class II Substituted Isocoumarins. 
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21. The use of daiin 17, ^min said Substituted Heterocydic Qm^iound 
comprises a mraiber of the Class m Hetoocydic Conqsounds. 

22. The use of Claim 17, ^min said Substituted Heterocyclic Confound 
is 3-chIoroisooouiiiaiin; a 3,4-dichloroisooouinarin; a 3-«lkGExy-7-aiiiino-4- 

5 chloroisocoumarin; or a 7-substituted 3-alkaExy-4-diloroisooouniarin. 

23. The use of Oaim 17, wfamin said Substituted Heterocyclic Compound 
is CnPrOIQ NH2-CiTPrOIQ PhCH^NHOONH^TlWIQ CHaCONH-OlPrOIQ L- 
Phe-NH^STPrOIQ PhCaj^NHCONH-CilEtOIQ PhGH^CONH-CnEtOIQ or D-Phe- 
NH-CiTBtOIC 

10 24. Use of a Pq>tideIbto<:oiiqK)und having Calpain inhibitory ao 

pharmaceutical^ acoqitaUe salt or (ferivative thereof for the manufacture of a 
medicament for inhibiting or treating neurodegeneration in a mamnial having or likefy 
to cxpenmcc a neurqiathdogy associated with neurodegeneration. 

25. The use of Oaim 24, nvherem the medicament is for inhibiting or 
15 treating neurodegeneration of the CNS. 

26. The use of Claim 24, ifiiierein said Pqitide Keto-Compound comprises a 
pqitide a-ketoester. 

27. The use of Claim 24, ^ereui said Pqitide Keto-Compound comprises a 
peptide a-ketoadd. 

20 28. The use of Claim 24, wherein said Peptide Keto-Compound comprises a 

peptide a-ketoamide. 

29. The use of Claim 24, wherein said Pq>tide Keto-Compound comprises a 
compound that is a member of one of the following subclasses: Dqieptide a-Ketoesters 
(Subclass A), D^iq[3tide a-Ketoesters (Subclass B), Tr^)eptide «-Ketoesters (Subdass 

25 A), Tripeptide a-Ketoesters (Subclass B), Tetnipq>tide a-Ketoesters, Amino Add 
Peptide a-Ketoesters, Dipeptide a-Ketoadds (Subdass A), D^eptide a-Ketoadds 
(Subdass B), Tripeptide a-Ketoadds, Tetrapq)tide a-Ketoadds and Amino Add 
Peptide a-Ketoadds, Dq}q)tide a-Ketoamides (Subclass A), Dipeptide a-Ketoamides 
(Subdass B), Tripq>tide a-Ketoamides, Tetrapqitide a-Ketoamides or Amino Add 

30 a«Ketoamides. 

30. Use of a Halo-Ketone Peptide having Ca^ain inhibitoiy activity or a 
pharmaceuticaliy acceptable salt or derivative thereof for the manufacture of a 
medicament for inhibiting or treating neurodegeneration in a mammal having or likdy 
to e^erience a neuropathologjr associated with neurodegoieration. 
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31. Ibe use of Claim 30, whoein the medicammt is for inhibiting or 
treating neurodeg^eration of the CN5. 

32. The use of Claim 30, iR^erein said Halo-Ketone Fq)tide comprises an 
amino-halo ketone pqitide. 

5 33. Theuseof Claim 30, wherein said Halo-Ketone Pq>tide comprises a 

diazo-fcetone peptide. 

34. The use of any one of Claims 17 fhFOU^33 ^erdn the 
neurodegeneration is associated with esdtotooddty, HIV-induced neuropathy, ischemia, 
subarachnoid hemorrhage, stroke^ brain seizure, major heart attad^ mult^le in&rction 

10 demmtia, Alzheimer's Disease, Huntmgton's Disease or Parkinson's Disease. 

35. Theuseofaigr one of Claims 17 through 33 ^ndmem the medicament 
comprises a pharmaceutical^ acceptable carrier, and is for paroiteral administration. 

36. The method of aigr one of Claims 17 through 33 wherem the 
medicament is in a fonn suitable for oral use. 

15 37. Ihe use of Claim 35, wherein the administration comprises transdermal 

administration, subcutaneous injection, intravenous, intramuscular or intrastomai 
injection, intiadiecal iiqecdon direct^ into the CNS or an infusion tedmique. 

38. Theuseof aigroneof Clabns IduroughPor 17throu^37, wfaereinthe 
neurodegeneration is occurring from isdiemia-indudng eventsf, stroke, head injuxy, 

20 major heart atta^ brain seizure^ near drowning, carbon monoxide poisoning; suigeiy- 
related brain damage or another event known to cause neurodegeneration. 

39. A method of minimizing proteofysis in an in vitro sample containing 
peptides or proteins during or fDllowing the processing production, preparation, 
isolation, purification, storage or transport ci the samples, comprising the addition to 

25 the sample of a Substituted Het^ocydic Compound or a Peptide Keto-Conipound that 
is a member of one of the foQowing subdasses: Dqicptide a-Ketoestm (Subdass A), 
Dipeptide a-Ketoestm (Subdass B), Trqy^tide a-Ketoesters (Subdass A), Tripeptide 
a-S^esta:s (Subdass B), Tetrapeptide a-Ketoesters, Amino Add Peptide 
a-Ketoesters, Dipeptide a-Ketoadds (Subdass A), Dipeptide a-Ketoadds (Subdass B), 

30 TrQ)eptide a-Ketoadds, Tetrapqitide a-Ketoadds, Amino Add Peptide a-Ketoadds, 
Dipeptide a-Ketoamides (Subdass A), Dipeptide a-Ketoamides (Subdass B), 
Trq^eptide a-Itetoamides, Tetrapeptide a-i&toamides or Ammo Add a-Ketoamides. 

40. Amethod of minimizing ctegradation resulting from Calpain activi^in a 
tissue sample during or following preparation of the sample, comprising the addition to 
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the sample of a Substituted Hetrnxydic Compound, Peptide Keto-Compound or a 
Halo-Ketdne Veptide. 

41. The method of Claim 40, wherein the sanqde is a whole organ and the 
addition of confound comprises perfusion of the oigan with the compound dissolved in 

S fluid. 

42. Ihe method of Claim 40, wherein, f oQowing the addition step, said 
tissue sample is used in an assay for neurodeg^eration wh^ein the assay comprises a 
test for the products of Ca^iain activi^ in the tissue samples. 

43. Ihe method of either Claim 39 or 40, vdierein the addition of compound 
10 comprises addition of a P^tide a-Ketoadd to the sample. 

44. The method of Claim 43, wherein said Peptide a*Ketoadd mmptises a 
compound that is a member of one of the following subdasses: Dq)q)tide a-Ketoadds 
(Subdass A), D^tide a-Ketoadds (Subclass B), Iti|>q)tide a-Ketoadds, 
Tetrapeptide a-Ketoadds or Amino Add Pqitide a-Ketoadds. 

15 45. A pharmaceutical composition for the treatment or inhibition of 

neurodegeneration comprising a pharmacdoglcalfy effective neuroprotective amount of 
a Substituted Heterocydic Compound or a pharmaceutical^ acoqitaUe salt or 
derivative thereof in a pharmaceutical^ accq)table formulation containing a carrier 
material 

20 46. A pharmaceutical composition for the treatment or inhibition of 

neurodegeneration comprising a pharmacologically effective neuroprotective amount of 
a Halo-Ketone Peptide or a phannaceuticalty acceptable salt or derivative thereof in a 
pharmaceutically aooqptaUe formulation containing a carrier material 

47. A pharmaceutical composition for the treatment or inhibition of 

25 neurodegeneration comprising a pharmacological^ effective neuroprotective amount of 
a Pqitide Keto-Compound, wherein said Pq>tide Keto-Compound comprises a 
compound from one of the following subdasses: Dipqitide a-Ketoestm (Subdass A), 
Dipq)tide a-Ketoesteis (Subdass B), Drqieptide a-Ketoesters (Subdass A), Tripeptide 
a-Ketoesters (Subdass B), Tetrap^tide a-Ketoest^ or Amino Add Peptide 

30 a-Ketoesters. 

48. The composition of Claim 47, herein said Pqitide Keto-Compound 
comprises one of the following compounds: Bz-DL-Ala-COOCH2-C^4-CF3 (para), 
Bz-DL-Lys-COOEt, PhCO-Abu<XX)Et, (CH3)2CH(CH2)2CO.Abu-COOEt, 
CH3CH2CH)2CHOO.Abu-COOEt or Ph(CH2)6CO.Abu.COOEt 
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49. The composition of Claiin 47, wherein said P^tide Keto-Con^ound 
comprises one of the following compounds: Z-Ala-DLrAla-COOEt» 
Z-AIa-DL-Ala-COOBzl, Z-Ala-DLrAla-COOnBu, Z-Leu-Nva-COOEt, 
ZrLeu-Nle-CCX)Et, Z-Len-Fh&OOOEt, Z-Leu-Abu-CCXJEt, Z-Leu-Met-COOEt, 

5 Z-Leu-Fhe<XX>Et, Z>Leu-4-arFhe^COOEt, 2-NapS02-Leu*Abu-CXX)Et, 

Z-Leu«NLeu-CX>2Et, Z-Leu-Fh&<X)2Bu, Z-Leu-Abu-CX>2Bu, Z-Leu-Fhe-C02Bzl, 
MeO-Suc-AIa-D]>Ala-CX>OMe, or Z-Leu-Abu-CO^BzL 

50. The composition of Claim 47, wherein said Peptide Keto-Compound 
conqii&es one of the following compounds: Z-Ah-Ala-DLrAla-COOEt, 

10 Z-Ala-Pro-DLrAla-CXX)Et, Z-Ak-Ala-DLrAbu-CDOEt, Z-Ala-AIa-DL-Abu-CX)OBzI, 
Z-Ala-Ala-D]>Abu-GOOCH2^C^4-CF3 (para), H-Leu-Ala-DL-Lys-COOEt, 
Z-Leu-Leu-Abu-CDOEt, Z-Leu-Leu-Phe-CX)OEt, MeO-Suc-Val-Pro-DL-Phe-CX)OMe 
or 2pNapS02-Leu-Leu-Abu-<X)OEt 

51. The composition of Oaim 47, wherein said Peptide Keto-Compound 
15 comprises MeO-Suo-Ala-Ala-Pro-DLAbu-COOMe or Z-Ala-Ala-AIa-DL-AIa*COOEt. 

52. A pharmaceutical composition for the treatment or inhibition of 
neurodegmmtion oonqirising a pharmacningically effective neuroprotective amount of 
a Peptide Keto-Compound, wfa^ein said Pqptide Keto-Compound comprises a 
compound from one of the following subclasses: Dipeptide a-Ketoadds (Subclass A), 

20 Dipq>tide a-Ketoadds (Subdass B), Tdpqptide a-Ketoadds, Tetrapeptide arKetoadds 
or the Amino Acid Pqitide a-Ketoadds. 

53. The composition of Claun 52, wh^dn said Peptide Keto-Compound 
comprises one of the following ccnnpounds: B^-DLpLys-CCX)H, Bz-DLAla-COOH, 
Z-Leu-Ph&COOH or ZpLeu-Abu-COOH. 

25 54. A pharmaceutical composition for the treatment or inhibition of 

neurodegenmtion comprising a pharmacologicalfy effective neuroprotective amount of 
a Peptide Keto-Compound, wherein said Peptide Keto-Compound con^rises a 
compound from one of the following subclasses: D^Mptide a-Ketoamides (Subdass A), 
Dqieptide a-Ketoamides (Subdass B), Tr^>eptide a-Ketoamides, Tetrapeptide 

30 a-Ketoamides or Amino Add a-Ketoamides. 

55. The conqK>sition of Claim 54, \riierem said Pq»tide Keto-Compound 
comprises one of the following omipounds: Z-Leu-Phe-CQNH-Et, Z-Leu-Phe-CONH- 
nPr, Z-Leu-Phe-CONH-nBu, Z-Leu-Phe-CONH-iBu, ZrLeu-Phe-CONH-Bzl, Z-Leu- 
Phe-CONH-(CEl2)^h, Z-Leu-Abu-CONH-Et, ZrLeu-Abu-CONH-nPr, 2>Leu-Abu- 
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CONH-nBu, Z-Leu-Abu-CONH-iBu, Z-Leu-Abu-CONH-Bzl, Z-Leu-Abu-CXDNH- 
(C3l2)2Ph, Z.Leii.Alni^NH<C^N(CI^CH2)20. Z-Lett.Abu-CONH-(CH2)7CH3, 
Z.Leu-Abu.CONH-(C^OH, Z.I^-Aliu-COra.(CH2)20(CH2)20H. Z-Leu-Abu- 
CONH.(CH2)i7CH3, Z-Leii.Abu.OONH.CH2-CfiH3(Oa%)2 or Z-Leu-Abu-OONH- 
CH2-C4H4N. 

56. Ihe oonqmsition of Claim 45, v^erdn said Substi^^ 
Conqiound comprises a monber of the Class I Substituted Isocoumarbs, Class n 
Substituted Isoooumarins or Class M HetenxTdic Confounds. 

57. llie composition of Oaim 56, wberdn said Substituted Heterocyclic 
Conqpound is 3-diloroisoooumarin, a 3,4*diGiiloroisocoumariii, a 3-allra]Qr.7-amino-4- 
diloroisocoumariii, a 7-sub8tituted 3-aIln»7'4<iilon^socoumariii; CSTPiOIC, NII2- 
CrmOIC, PhGH^OONH-CrrPrOIQ Cl^CONH-QTPtOIC, L-Plie-NH-OIPrOIC. 
PhGH^NHOONH-aiEtOIC; PhCHjCONH-QTEtOIQ or D-Phe-NH-QTEtOIC. 

58. The composition of aiqf one of Claims 45 tbrou{^ 57, herein die 

15 <»n>pO8itionisindosagefonnoQmprisu|gfrom70 |igto7gof activeiqgredientineacli 
dose. 

59. TheoonqKMitkmof any one of Claims 45 throu£|i 57, wherein said 
carria matoial con^iises a liquid, wfawein the oonqMsition is in dosage form and 
wherdn each dose conqnises firom OS ml to 1 liter of said caixier matoial. 

20 60. Theoomposition<tf any one of Claims 45 throu^ 57, additionally 

comprising at least one of the fdlowing: DMSO or other organic soNoit, a lipid 
carrier, a detergent, a suifBctant or an emulsifymg agent 

61. Theoompositionof any one of Claims 45 through 57, ^»ein the 
composition is suitaUe for parenteral administration. 
25 62. The composition of any one of Caaims 45 through 57, wherein said 

omiposition is in a form suitable for topical ^ifdication. 

63. IheoonqxMitionof aiqr one of Claims 45 throus^ 57, wherdn said 
composition comprises an aqueous solution, a lotion, a jdty, an oify solution, or an oily 
suqjensioa 

^ 64. Use of a Substituted Heterocydic Compound as a medicament 

65. Use of a Halo-Ketone Pqitide as a medicament 

66. Use of a F^tide Keto-Conqiound as a medkament, ^oein said 
Peptide Keto-Compound is a oon^Mund firom one of the fbllowing subclasses: 
Dipeptide a-Ketoesteis (Subclass AX Dipeptide a-Ketoesters (Subclass B). Iripeptide 
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a-Ketoesten (Subclass A), Tnpq>tide a-Ketoesters (Subclass B), Tetrapqitide 
a-Ketoesteis, or Amino Add Peptide a-Ketoesteis. 

67. The use of Oaim 66, wherem said Peptide Keto-Compound comprises 
one of the following compounds: Bz-DL-Ala-COOEt, BK.DLAla-OOOCH2-C6H4-aF3 

5 (para), B^DL-Lys^OEt. PhCO-Abu-COOEt, (CH3)2CH(CH2)2CO.Abu^OEt, 
CHjCHaCE^CHOO-Abu-COOEt or Ph(Ca2)600-Abu-CCX)Et 

68. The use of caaim 66, whaein said Pq>tideKeto-Compound comprises 
one of the following compounds: Z-AIa-DL.Ala.CCX)Et, Z-Ala-DI/Ala-COOBd, 
Z-Ala-DI/Ala-COOnBu, Z-Leu-Nva<XDOEt, Z-Leu-Nle^IOOEt, Z-Leu-Phe^OEt, 

10 Z-Leu-Abu-COOEt, Z-Leu-Met^OOEt, Z-Leu-Phe-COOEt, ZrLeu-4^.Phe<:OOEt, 
2-NapS02-Leu-Abu-OOOEt, Z-Leu-NLeu-CXJ^t, Z-Leu-Phe-COjBu, 
Z-Leu-Abu-COjBu, Z-Leu-Phe-CO^ MeO-Suo-Ala-DL-AIa-CXDOMe, or 
2^Leu-Abu-C02B2l 

69. The use of CSaim 66, wherein said Pq)tide Keto-Compound comprises 
15 one of the following compounds: 2^Ala-Ala-DL-Ala-COOEt, 

Z-Ala-Pto-DL-Ala-COOEt, Z-Ala-Ala-DLAbu-COOEt, Z-Ala-Ala-DL-Abu-COOBzl. 
Z.Ala.Ala.DL.Abu-CCX)CH2-q5H4-CF3 0?ara), H-Leu-Ala-DD-Lys-COOEt, 
Z-Leu-Leu-Abu-COOEt, Z-Leu-Leu-Phe-COOEt, MeO-Suo-Val-Pro-DL-Phe-CXDOMe 

or 2-N^S02-Leu-Leu-Abu-COOEt 
20 70. The use of Claim 66, wherein said Peptide Keto-Compound comprises a 

Tetrapeptide a-Ketoester. 

71. The use of Claim 66, wharein said Peptide Keto-Compound comprises 

MeOSuc-Ala-Ala-Pro-DDAbu-COOMe or 2:-AIa-Ala-Ala-DL-Ala-COOEt 

72. Use of a Pqrtide Keto-Compound as a medicament, ii*crein said 
25 Peptide Keto-Compound is a compound from one of the following subclasses: 

Dipeptide o-Ketoacids (Subclass A), Dipeptide a-Ketoadds (Subdass B), Tiq>eptide 
tf-Ketoacids, Tetrapq)tide a-Ketoadds or Amino Add Peptide a-Ketoadds. 

73. The use of Claim 72, wherein said Pqptide Keto-Compound comprises 
one of the foUowing compounds: B^-DL-Lys-OOOH, Bz-DI/AIa-COOH, Z-Leu-Phe- 

30 COOH or 2^Leu-Abu-COOH. 

74. Use of a Pqptide Keto-Compound as a medica men t wherein said 
Pq)tide Keto-Compound is a compound from one of die fbllowing subclasses: 
Dipeptide n-Ketoamides (Subdass A), D^tide «-Ketoamides (Subdass B), 
Trqieptide a-Ketoamides, Tetrapqitide a-Ketoamides or Amino Add a-Ketoamides. 
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75. The use of C3aim 74, wherein said P^tide Keto<k)mpound comprises 
one of the following compounds: Z-Leu-Phe-CONH-Et, Z-Leu-Phe-CONH-nPr, 
Z-Leu-Phe-CONH-nBu, Z-Leu-Fhe-CONH-iBu, Z-Leu-Phe-CONH-Bzl, Z-Leu-Phe- 
CONH-(CH2)2Ph, Z-Leu-Abu-CONH-Et, Z.Leu-Abu-<X)NH-nPt, Z-Leu-Abu-CONH- 
5 nBu, Z-Loi-Abu-OONH-iBu, Z-Leu-Abu-GONH-BzI, Z-Leu-Abu-CONH-(CH^Ph, 
Z-Leii.Abu.CONH-(CH^3.N(CH2CH2)20, Z-Leu-Abu-CONH-(CH2)7CH3, Z-Leu- 
Abu.OONH.(CH2)20H, Z-Leu.Abu.CX)NH.(CH2)20(CH2)20H, Z-Leu-Abu-CONH- 
(CH2)i7CH3, Z-Leu-Abu-CONH-C3H2-CfiHj(OCH3)2 or Z-Leu-Abu-CONH-CBj- 
C4H4N. 
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